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ABSTRACT 
Consumer Surplus and Economic Rent Estimates 
of Recreation Value: An Empirical 
and Theoretical Comparison 
by 
Eric R. Mea1e, Master of Science 
Utah State University, 1974 
Major Professor: Dr. E. Boyd Wennergren 
Department: Agricultural Economics 
vii 
The consumer surplus and economic rent methods of resource valuation 
were applied to boating recreation in Utah. Total consumer surplus and 
economic rent values were estimated for twenty-four boating sites. These 
values incorporate the relationship existing between the variable use 
cost and the units of activity associated with the site. 
Data were collected by a mail survey directed to boaters during the 
1973 boating season. Approximately 1,408 questionnaires were analyzed. 
Additional data were collected from the Utah Division of Parks and 
Recreation. 
Economic rent and consumer surplus were compared by using a common 
mathematical model and empirical observation. The concepts of economic 
rent and consumer surplus were assumed to be consistent methods of 
resource valuation and that the models would yield equiva1ent values. 
Three stages of the calculation procedure were considered in analyzing 
the comparison of the two methodologies . In the first stage, the economic 
rent and consumer surplus values were compared and the economic rent 
estimate consistently exceeded the consumer surplus. In the second 
and third stages, the projected values for an origin visiting a site 
were compared with the total values for a site. This process did not 
demonstrate any unique relationship between the two resource valuation 
methodologies. The most significant factors contributing to the 
inconsistent relationship between economic rent and consumer surplus 
are using the number of trips in the economic rent model and the num-
bers of trips per capita in the consumer surplus model, the constant 
economic rent per trip, and the decline in the consumer surplus for 
an additional trip per capita; and the respective projection factors 
of the two models. 
(119 pages) 
viii 
INTRODUCTION AND PROBLEM ANALYSIS 
Introduction 
The growth in outdoor recreation activity in recent years has 
created an interest in developing ways to estimate the economic worth 
of recreational facilities and resources. Outdoor recreation activity 
has been increasing recently due to growth in: population, real 
incomes, leisure time, urbanization, and consumer mobility. According 
to projects made by Clawson (1959), by the year 2,000, both th e 
population and disposable income per person will double relative to 
1950. It has been estimated that from 5 to 8 percent of all family 
expenditures are currently allocated to recreation, and that each 
year, four to five billion dollars are spent for outdoor recreational 
activity. With respect to available leisure time, the average work 
week has been steadily decreasing from 70 hours in 1850 to 40 hours 
in 1950, and the future prospect is for shorter work days and weeks, 
with more leisure time available to more people. 
Attendance in public forests and parks has been increasing at an 
annual rate of 8 to 10 percent since World War II. In 1900, the 
recreationist covered about 500 miles a year; today, he travels 5,000 
miles a year. By the year 2,000, the average is expected to be 9,000 
miles per year due to improved transportation facilities and more 
leisure time (Clawson, 1959). 
The attendance and travel trends suggest a need for new and better 
ways to value resources as a means of establishing suitable criteria 
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for public resource allocation policies. Evaluations are required not 
only to facilitate efficiently allocating public funds among recreational 
and other goods and services, but also as a basis for rationally resolv-
ing the burgeoning numbers and kinds of conflicts between recreation and 
other demands on natural resources. 
Definition of the Problem 
Progress in development of methodologies for evaluating the economic 
benefits of recreation has been slow. Market prices supply the exchange 
measure of value in allocations of most goods, but market prices are 
lacking in the valuation of benefits derived from recreation. In the 
public sector, recreation is often provided at a nominal cost so that 
the price mechanism cannot provide a meaningful guide to consumer 
preference and willingness to pay. Consequently, we lack a satisfactory 
measure of the benefits (and opportunity costs) that are relevant to 
investment decisions in the public sector. To overcome this deficiency, 
indirect valuation methods have been proposed for imputing values to 
recreation resources. 
That recreation has a value generally accepted. The presence 
of intangibles (aesthetics) has not been considered sufficient justifi-
cation for avoiding economic analysis. Instead, the underlying assumption 
is that the benefits of the recreational experience accrue primarily to 
the user, and therefore are subject to valuation much as any other good 
or service. 
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The foremost obstacle to evaluating recreation benefits lies in 
the fact th~t recreation is treated as a public good and is not subject 
to conventional market pricing. The lack of measurable monetary value 
limits the comparability of recreation benefits with other goods and 
services, thereby hampering the optimization of recreation's social 
benefits. More adequate definition of the economic values of recreation 
may permit political decision-making to more nearly optimize the public 
welfare. Annually, large amounts of federal and state agency funds 
are committed to improving recreation sites. Estimates of recreation 
resource values are essential to sensible allocation of scarce public 
investment funds among alternative recreation sites. 
Economists have devised various models designed to measure recre-
ation benefits or values (consumer surplus, nondiscriminating monopolist, 
consumer survey, opportunity costs, economic rent, etc.). But, comparison 
of the models makes it clear that what is defined as value, or benefit, 
differs among models and authors, and it is often not clear just what is 
being measured. Most of these attempts have been centered on consumer 
demand. Because the procedures of each are founded upon different 
assumptions, they yield different results when used to evaluate the 
recreational worth of a site (Beardsley, 1968). The variations in the 
value estimates given by different models creates the problem of which 
valuation estimate is the most appropriate and under what circumstances 
which models are comparable. 
The problems raised concerning differences in valuation models 
point to a need to refine and extend research efforts. That need 
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constitutes the justification for this thesis. The concept of economic 
rent has received limited application in resource valuation and the 
comparability of this method wi th consumer s urplus has been argued. 
Wennergren and Fullerton (1972) have argued that the concepts of economic 
rent have equally appropriate application to value estimates based on 
consumer surplus. Mishan (1959) points out that, conceptually, consumer 
surplus and economic rent both measure the change in a consumer's 
welfare caused by changes in the constraints imposed upon him, and any 
distinction between the measures is of convenience only. But the 
empirical models used to evaluate consumer surplus and economic rent 
may not yield equivalent results . The comparison of the economic rent 
and consumer surplus models forms the basis for this thesis, with the 
analysis designed to expand the knowledge of evaluation techniques by 
determining the comparability of the two valuation models. 
OBJECTIVES 
The objectives of this thesis are: 
1. To empirically estimate resource values using the economic 
rent and consumer surplus methodologies for selected boating recreation 
sites in Utah. 
2. To analyze the two valuation methodologies used in objective 
one to determine the conditions under which they are comparable 
measures of resource valuation. 
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REVIEW OF LITERATURE 
The first and most discussed evaluatory technique in the area of 
recreation economics was suggested by Harold Hotelling (1949) in res-
ponse to an inquiry by the National Parks Service concerning the economic 
value of national parks. This method depends upon assumptions of uniform 
tastes, incomes and enjoyment in visits to a particular recreational 
site. Hotelling recommended that concentric zones around a given site 
be identified in terms of average cost of travel to the park. Hotelling 
assumed that all groups within each concentric zone would have similar 
costs. A demand curve is then determined using average costs as the 
price variable and the number of visitor-days as the quantity variable. 
The cost of the most distant zone represents the gross benefit received 
for each visitor in the intra-marginal zones. The difference between 
individual travel costs and the benefit assumed to be received by every 
visitor is the consumer surplus for each visitor. The consumer surplus 
is an estimate of resource valuation. 
Trice and Wood (1958) studied the Upper Feather River Basin in 
California. They suggested that the primary benefits from recreation 
are personal and varied, and therefore not readily measurable in dollar 
terms. Their methodology was similar to that proposed by Hotelling. 
Trice and Wood used concentric distance zones and the volume of activity 
to estimate the primary benefits accruing from recreation. An estimated 
demand curve was used to describe the willingness of users to pay for 
recreation. A median value was ascertained and a "bulk-line" at the 
90th percentile was assumed to represent the maximum willingness to 
pay, a price at which users would break even in the enjoyment of their 
investment. Average benefits were then assumed to be measured by the 
difference between the bulk-line value and each person's expenditures 
(consumer surplus). Total benefits were calculated by multiplying the 
number of users by the difference between the median and the bulk-line 
values. 
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A useful adaptation of the Trice and Wood method was published in 
1959 by Clawson. It has been widely acclaimed as probably the most 
applicable and intelligent contribution to the field of evaluatory 
techniques. By assuming no entrance fee into the park, and by making 
the costs of visits variable, Clawson estimated the demand per 100,000 
population for the Yosemite National Park in California, and three other 
major national parks. Clawson, then, predicted the effects of increased 
entrance fees on attendance and calculated the value of recreation to 
the users. If fees were increased, the number of visits per 100,000 
population would decrease and vice versa. In this way, his demand curve 
measured the relationship between the number of visits and the entrance 
fee. The resource value was the greatest total revenue which could be 
extracted by monopolistic pricing given the demand estimates. 
Davis (1963) applied a different technique to get "willingness to 
pay." Called the consumer survey method, it consists of five types of 
questions to be asked of recreationists: 
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1. Details of the trip, including expenditures, time, budget, 
activities, visits, etc. 
2. The respondent's outdoor recreation habits aside from the trip. 
3. Open-end questions dealing with reasons for choosing the area, 
degree of satisfaction, and areas that are considered to be 
substitutes. 
4. Personal information, including leisure time, type of residence, 
education, income, and occupation. 
S. Preference in outdoor recreation, including willingness to pay. 
This method is similar to Clawson's idea and argument, but the 
measure of willingness to pay, or consumer surplus, was obtained by 
asking the user how much he was willing to pay. Based upon specific 
data collected, which reflected actual activity, and consumers' responses, 
which indicated the hypothetical willingness to pay, Davis constructed 
two demand curves. Davis defined the difference between these two curves 
as the consumer surplus attributable to the site and a valid monetary 
measure of the recreation benefit. 
Knetsch (1963) examined some likely approaches to the problem of 
providing information on demand relationships and values. He reviewed 
Clawson's demand curve and suggested that one of its strongest implicit 
restrictions is the assumption that the demand curve is essentially the 
same for all distance groups. He felt that, realistically, there is 
little reason for believing that this would be the case. Knetsch also 
considered factors that could cause distortion in this assumption such 
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commodities have some degree of aesthetic value associated with their 
usa~e or consumption and yet are subject to economic valuation 
(Wennergren, 1964, p. 303)." 
In this study, individual boater travel and on-site costs of a 
particular boating site were used as a substitute for price as a deter-
minant of the quantity consumed. 
Wennergren argues that a boater will allocate his expenditures 
both at the site and in total in such a way that the marginal value 
per dollar expended at eac~alternative site visited during the season 
is equal. Re also distinguishes between individual and aggregate 
boater demand and state~ "the level and elasticity of the individual 
schedules are a function of the income of the individual, his taste 
preference, and quality factors associated with the site (Wennergren, 
1964 307). " , p. Having defined the statistical demand function, he 
used the concept of consumer surplus as a measure of site resource 
value for boating activities. 
Carey (1965) reviewed the progress and problems of the economics 
of outdoor recreation. He criticized the evaluation methods used by 
Rotelling and Trice and Wood stating that, "it does not measure the 
value of recreation, rather it is a value derived from the value of 
the services and goods received (Carey, 1965, p. 175)." 
Carey agrees with the criticism that the consumer surplus approach 
requires the qualification that the marginal utility of money be con-
stant and that individual preferences scales be identical. He also 
points out the simplification of assuming that the on-site experience 
is the recreation benefit involved in the trip; and that to charge the 
entire cost of the trip to recreational opportunitY,even though there 
might have been visits to other recreation areas on the same trip, 
creates doubt in the reality of the estimation procedure. 
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Carey criticizes the willingness to pay as a measure of recreation 
benefit on three counts. First, it is assumed that the experience of 
visitors from one zone provides an indicator of what people of other 
zones would do, if costs in money and time were equal. Second, it is 
assumed that the recreation experience involves only one major recre-
ation site. Third, the demand curve may vary among visitors not only 
because of the differing preference scale, but also because of differing 
reasons for the visit. 
Concerning the consumer survey method, Carey suggests that it is 
an expensive method in terms of time and money, nevertheless, it does 
have advantages in determining the willingness to pay. This method has 
the weakness, as does the Clawson method, of not being able to deal with 
newly developed or planned recreation sites. 
Seckler (1966) analyzed the abuses which have been made by authors 
in the treatment of outdoor recreation evaluation. Seckler confesses a 
strong sympathy with those who argue th.e qualitative aspect of the 
recreation experience. In comparing the consumer surplus, marginal 
cost to marginal utility, and nondiscriminatorymonopolymethods of 
valuation, he concludes that, assuming the marginal utility curve of 
the users is identical with the statistical demand curve, the second 
technique is the most valuable. However, he does not believe that 
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statistical demand curves measure the utility function of recreational 
faci.l; tie .~ C'"ld states t ha t the slope and position of the statistical 
demand curve is largely a function of income distribution. He feels that 
unless we know something about the marginal utility of any commodity to 
an individual or the marginal utility of income, nothing can be inferred 
about utility from the observation of transactions. 
Pearse (1968) describes a new approach, which is an indirect method 
of obtaining consumer surplus. Pearse confines his calculations to the 
evaluation of the recreationists themselves, his objective being the 
derivation of consumer surplus. 
In quantifying the willingness to pay for the access to a particular 
site, Pearse stratifies the sample according to income levels and within 
the different classes, visitors are ranked by their fixed costs. The 
visitor with the highest travel cost in an income class is assumed to 
have no consumer surplus. He states: 
Each intramarginal recreationist in this group will 
continue to purchase recreation until his fixed cost is 
raised to exceed that of the marginal visitor. 
The maximum toll that each visitor would be prepared 
to bear is the difference between his fixed cost and that 
of the highest cost visitor in the same income class. 
(Pearse,1968, p. 92) 
Wennergren and Fullerton (1969) applied the concept of economic rent 
to resource valuation and explicitly dealt with the problem of site 
quality. They formulated empirical procedures to accommodate recreation 
site activity data whose user origins are spatially related to the site. 
The total rent value of the site contained elements of both location 
and quality. To separate the location factor, the total observed 
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activity of the various origins was redistributed by using a least-cost 
programming technique. The residual of the total economic rent and that 
attributed to location was then expressed as the quality value. 
Conceptually, the Wennergren and Fullerton model expresses quality 
as differences in the quantities purchased at a single price, or as dif-
ferences in prices which consumers are willing to pay for given quantities. 
They reasoned that recreation sites possess quality and location charac-
teristics similar to those related to agricultural lands. Higher quality 
sites generate rents relative to lower quality sites. Also, recreation 
sites located more advantageously to user origins extract location rents, 
relative to those located less advantageously or more distant. The rent 
value for any given site is measured by the respective variable use 
costs to the site. 
Brown (1972) discusses the effect of aggregation upon outdoor 
recreation demand functions. He states that the specification of 
inferring that more distant consumers behave similar to local consumers, 
except for the increased monetary transfer costs involved, may be erroneous 
because the local consumers may reside there in order to be able to consume 
larger quantities of the outdoor recreation. In this case, the bias leads 
to an underestimation of value. For this reason, the visit rate should 
be expressed as a function of both money and time costs. The difficulty, 
he points out, has been that travel cost, in monetary outlay and time, 
are usually highly correlated, making it very difficult to separate 
the effect of one from the other. Therefore, most researchers have 
omitted variables .such as hours or miles traveled. 
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Brown feels that this problem can be solved, in most cases, by 
avoiding the customary averaging of individual observations within dis-
tance zones. By using individual observations, it is possible to obtain 
more efficient estimates of the separate distance and variable cost 
coefficients. There appear to be two chief reasons for loss of effi-
ciency by using zone averages as compared to individual observations. 
First, it is usually not possible to have an efficient grouping for both 
the variable cost and distance variables simultaneously. Second, a 
loss of efficiency arises from the increased intercorrelation among 
explanatory variables when the data are grouped or averaged. 
E. J. Mishan (1959) expanded the concepts of economic rent in 
his publication, "Rent As a Measure of Welfare Change." He generalized 
the traditional theory of consumer choice by including income in the 
utility function, thereby negating the income effect and deriving in 
its place a welfare effect. He then defined and measured the compensating 
variation and equivalent variation for economic rent in the same manner 
that Hicks (1956) did for consumer surplus. 
Mishan argued that consumer surplus and economic rent are concep-
tually equivalent measures of welfare change. He stated: 
Little further reflection is required to recognize that 
consumer surplus and economic rent are both measures of the 
change in the individual's welfare when the set of prices 
facing him are changed or the constraints imposed upon him 
are altered. Any distinction between them is one of the 
convenience only: consumer surpluses have reference to 
demand prices, economic rent to supply prices. Furthermore, 
no consideration of logic precludes our measuring the 
individual's gain--in terms of the compensating variation or 
the equivalent variation--from, say, a simultaneous fall in 
the price of a good bought and a rise in the price of a ser-
vice provided. (Mishan, 1959, p. 394.) 
Mishan also indicated, in comparing the Marshallian measure of 
economic T~n~ with hiR definition , that it would hardly be inconsistent 
from Marshall's point of view to interpret the measurement of the 
individual's rent in a manner symmetrical with his suggested measure-
ment of the individual's consumer surplus as the area under the 
individual's demand curve (Mishan, 1959, p. 393). The economic rent 
referred to by Marshall and Mishan is actually producer surplus and is 
not synonymous with the economic rent developed by Ricardo (1817) and 
used by Wennergren and Fullerton for natural resource valuation. 
In conclusion, although consumer surplus and economic rent have 
been argued to be conceptually equivalent, empirical estimation pro-
cedures of these two concepts may not be. The comparison of the 
methodologies used in the empirical estimation of values based upon 
these two concepts constitutes the basis for the work to be advanced 
through the remainder of this thesis. 
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THE CONCEPTUAL MODELS 
The two economic models examined in this study (consumer surplus 
and economic rent) represent different schemes for imputing value to 
nonmarket priced recreation resources. The following discussion illus-
trates the theory and measurement s cheme s of the respective models and 
the manner in which they have been applied in valuation studies. 
Consumer Surplus 
The theoretical model presented here is essentially the model which 
was suggested originally by Hotelling (1949) and expanded upon by others 
(Clawson, Trice and Wood, Wennergren, et al.). 
The concept of consumer surplus applies to the values which posses-
sors of a commodity receive in excess of the purchase price. Its most 
popular definition is that given by Alfred Marshall: 
We have already seen that the price which a person 
pays for a thing can never exceed, and seldom comes up to 
that which he would be willing to pay rather than go with-
out it: so that the satisfaction which he gets from its 
purchase generally exceeds that which he gives up in pay-
ing away its price; and he thus derives from the purchase 
a surplus of satisfaction. The excess of the price which 
he would be willing to pay rather than go without the 
thing, over that which he actually does pay, is the eco-
nomic measure of this surplus satisfaction. It may be 
called "consumer surplus." (Marshall, 1947, p. 124.) 
Without a conventional market price for outdoor recreation, a cost 
substitute needs to be identified to serve as a regulator of consumption. 
Estimation of individual site demands is based on the concept that 
individual expenditures incurred in the consumption of the recreational 
16 
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experience reflect the value of the experience to the consumer, and as 
such provides a useful approach to estimating recreational demand. A 
recreationist is subject to costs and, consequently, to implicit prices 
which regulate his consumption and which can be utilized to establish 
value for a commodity that lacks conventional market pricing. 
The assumption is that travel costs to and from a particular recre-
ation site, plus the additional on-site expenditures, constitute a "price" 
for the recreational experience and, as such, determine the quantity that 
will be consumed. Only the variable costs (not the total recreational 
expenditures) that must be incurred in direct relation to the amount of 
recreation consumed will determine the optimum amount of recreation 
activity and thus generate an appropriate statement of the value of the 
recreational experience. 
There are five assumptions that are fundamental to the formulation 
of the demand estimates. First, the recreationist spends his income and 
other resources in such a manner as to maximize his total derived util-
ity or satisfaction. Second, he has perfect knowledge, or at least acts 
on his expectations as though he had sllch knowledge, regarding the various 
costs of recreating and the utility of satisfaction that he receives from 
the different quantities that may be consumed. Third, the recreational 
experience generates a total utility function which at some point en-
counters diminishing marginal utilities. Fourth, the units of utility 
and costs are equivalent and a net utility can be derived. Fifth, major 
decisions pertaining to individual trips are made prior to departure 
and the recreational activity is the casual agent in the individual's 
decision to undertake the outdoor experience (Wennergren, 1964). 
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The variable costs and the added utility associated with individual 
trips are the important considerations to the recreational decision. The 
individual trip costs constitute variable additions to the fixed cost and, 
therefore, are the marginal costs of recreating. The individual trip 
decision requires an appraisal of these costs relative to the value of 
the additional utility to be derived, the value of the marginal utility. 
A boater will take a total number of trips such that the marginal costs 
will equal the marginal value of the utility. At this quantity of trips, 
the recreationist maximizes his satisfaction of the total recreational 
experience from the site. 
This maximization condition assumes sufficient resources of the 
consumer to allow the individual to take the necessary number of trips 
to maximize his utility. The distribution of trips taken to alternative 
sites will be such that 
where: 
MVU 
a 
p 
a 
MVU
a 
MVUb 
= = 
MVU 
n 
= = p 1 
n 
... n = value of the marginal utility realized by the boater 
at sites "a" through "n" • 
••• n = travel and on-site costs associated with each site 
"a" through "n". 
If the consumer does not have sufficient resources, he will take 
trips to alternative sites such that 
= . . . 
MVU 
n 
p 
n 
> 1 
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However, the general argument relative to the role of marginal costs 
i.n the consumer decision process is not affected by the constraints 
imposed by limited consumer resources (Wennergren, 1967). 
The individual demand schedule for a recreational site defines the 
quantity demanded (number of trips) as a function of the travel and on-
site expenditures. If we accept the rationale that the individual 
maximizes his satisfaction from the recreational experience by taking 
as many trips to the site as is necessary to equate the value of the 
marginal utility to the marginal costs (travel and on-site expenditures), 
then the demand schedule is a quantitative estimate of the utility value 
derived from the recreational experience at the site. 
The individual's demand for a site can be derived by utilizing the 
method suggested by Hotelling and Clawson. The average travel and on-
site expenditures and the related average number of trips per boater 
to the site are derived for boaters from various origins. Each average 
is assumed to represent the aggregation of points of equilibrium on the 
individual's demand function. The mathematical function fit through 
these averages is an estimate of the demand for the site. This function 
is an average individual demand for the recreation site. The function 
defines the number of trips an average boater would take to the site if 
subjected to the various costs associated with the various origins. 
The demand for a site is generated from cross-sectional data and 
is subject to the assumptions associated with this procedure. The two 
primary assumptions are that boaters are homogeneous among origins with 
respect to the various determinants of demand and that the marginal 
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utility of money is constant. It is also a static estimate because the 
t ime vari~ble i s fixed f or a g iven s e ason of aetivity. 
The average individual demand function is used to generate resource 
value estimates for the site. It has been argued that the economic value 
derived from a given resource use is the value it has for consumers as 
measured by their willingness to pay. Since the average individual 
demand for a given site expresses the willingness of its users to pay, 
it follows that the area under this demand curve represents the value of 
the resource. 
If the boater rationally allocates his resources so as to maximize 
satisfaction, then the net utility associated with the marginal trip to 
each recreation site will be zero because the marginal cost will equal 
the value of the marginal utility for that trip. Thus, the boater 
realizes a surplus utility on all trips except the marginal trip. This 
surplus value, and not user costs, is the basis for the estimates of the 
resource value (Wennergren, 1964). 
The application of the consumer surplus concept to recreational 
resource valuation is illustrated in figure 1. D. is the theoretical 
J 
average individual demand curve for the jth recreation site. Boaters 
living at origin (I) will take Qi trips per boater to the site if their 
price is P .. At this quantity of trips, the total utility or benefit 
1 
per boater is represented by the area: 
OTIQ. 
1 
Qi 
= J D. dQ 
o J 
The cost of these total trips is represented by the area: 
OP.IQ. = P.Q . • 
1 1 1 1 
The difference, area 
P.TI 
1 
Q. 
= f1 D.dQ - P.Q. , 
J 1 1 o 
is the surplus value and arises because boaters at origin (I) would be 
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willing to pay higher prices for the recreational use of the site rather 
than go without. 
The rationale of the use of consumer surplus also suggests that 
boaters capture surplus in greater amounts from sites closer to their 
point of origin (assuming that the nearest sites are also the lowest 
cost sites) and lesser amounts from more distant sites. 
Travel and 
on-site 
costs ($) 
T 
Pi ~ ________________ ~ 
D. = f(Q) o ~ ______________ ~ ________ ~~J~ __ __ 
Q. Trips per capita 
1 per unit of time 
Figure 1. Illustration of consumer surplus based on the theoretical 
demand for a recreational site. 
22 
By using an average individual demand function, estimates of total 
value c an ~e ma de without deriving an aggregate funct i on. Aft e r deter-
mining the consumer surplus per boater for a given origin, the total 
surplus for that origin can be derived by multiplying the consumer 
surplus per boater by the number of boaters living at the origin. The 
summation of all the origin total surpluses generates an annual aggregate 
value for the recreational site. Thus t he annual aggregate value can be 
expressed as: 
res. = 
J 
n 
~ 
i=l 
where: 
Tes. 
P. 
1 
J 
= the total consumer surplus value of the jth site. 
= the average individual demand function for the jth site. 
= the average number of trips per boater taken from the ith 
origin to the jth site. 
= the user costs of the ith origin traveling to the jth site. 
= the total number of boaters in the ith origin. 
This annual aggregate value can then be used in calculating a 
capitalized value for the resource producing the recreational service. The 
rationale for using the net consumer surplus as the basis for resource 
use lies in the fact that it represents the value of the resource to 
the consumer over and above his costs of acquisition and as such con-
stitutes the net value which is generated from the resource. 
Economic Rent 
The theoretical model of e conomic rent p ~esented here f ollows that 
as outlined by Wennergren and Fuller ton (1972). 
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The concept of economic rent has had an historic role in dealing 
with questions related to productive factors, such as natural resources. 
David Ricardo (1817), in his formulation of the rent concept in relation 
to corn land values in England, is generally given credit for the initial 
effort. Ricardo argued that only the most fertile lands would be 
brought into production and with only one productive class of land, no 
economic rent would accrue through its use. However, rent would arise 
on these lands when increasing population and demand pressures produced 
increased product prices and resulted in less productive lands being 
brought into production. As these pressures increase, more and more 
less productive land would be brought into production, causing the 
rent on all the more fertile lands to rise. Thus, economic rent values 
are determined relative to the least productive land, and can be expressed 
as the difference between the selling price and the unit production costs 
incurred on the most productive lands. 
Petty and Von Thunen (1966) observed another important factor that 
can give rise to economic rents: location. They emphasized this 
important factor when they noticed that rents accrue to equally-fertile 
lands which are close or more strategically located to established markets. 
The modern concept defines economic rent as the difference between 
selling price and unit production costs expended in using the most 
productive resource. Differences in land rents can be explained by 
d i fferences in quality, fertility, and location. 
The factors that give rise t o economic r ent values and the implica-
tions of the economic rent concept are applicable to the problems of 
recreation resource valuation. The logic of the economic rent concept 
used in the valuation of recreation resources can be illustrated by the 
following mode O-lennergren and Fullerton , 1972): 
Where: 
Pn t----------------------------------------~ 
• 
• 
• 
w 
o 
Location 
Rent 
Fixed Cost 
Variable 
Use 
Cost 
O~--------~D~----=D--------.---.---.----~D 
1 2 n 
Figure 2. Illustration of location rent. 
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D 
o • • • Dn = the distance from various origins (01 ••• On) to the site. 
Pn = the variable use costs from the origin (01 ••• ° ) to the site. n 
D 
n = the distance from the most distant use origin to the 
site. 
P 
n 
w 
o 
= the variable use cost of the most distant use origin 
to the site. 
= t he f ixed cos t o f r ecreation. 
The factors which generate rent are r elated to the variable costs 
of distance associated with the site. Points of origin are spatially 
related to the site; those origins most closely located extract an 
economic rent relative to that origin most distant or disadvantageously 
located with respect to the site. For example, recreationists residing 
at an origin which is located at the site, have fixed costs of W , but 
o 
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no variable use costs associated with distance. Therefore, they extract 
a rent relative to the most distant origin which has a total cost of 
P +W and variable use cost of P 
• The rent extracted by the closest n 0 n 
origin is equal to P 
- 0 = P 
n' 
or in terms of total cost P + W - W 
n n 0 0 
= P • This rent is extracted for each unit of activity (boating trip) n 
that is taken by that origin. As the recreationist's point of origin 
moves outward from the site (say to DI ), the fixed costs remain constant, 
but the distance cost increases to PI- The rent per unit of activity 
at DI is also extracted in relation to the most distant origin On' with 
its distance cost of P. The rent is less than that of the previous 
n 
It can be seen that as distance increases, the rent per unit of activity 
decreases until at the most distant origin (0 ) visiting the site, there 
n 
is no rent (P - P = 0). 
n n 
Recreation sites possess quality and location characteristics similar 
to those related to agricultural lands used in the early formulation of 
the economic rent concept. Resource values may be generated on the 
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basis of the economic rent values arising from location and quality charac-
teristics. In the same sense that more productive agricultural land 
extracts rents relative to less productive lands, higher quality recre-
ation sites generate rents relative to lower quality sites. Furthermore, 
a recreation site located closer to user origins generates location rents 
or, conversely, user origins located close to a recreation site extract 
rents relative to those origins located at greater distances. The 
rent value for any given user origin visiting a site is expressed 
relative to the highest cost user origin and is measured by the dif-
ference in the respective use costs. 
The implication of quality in the conceptual model can be seen 
in the reasons for site selection. The factors which give rise to a 
ranking of sites are explicitly considered in the choice procedures 
of consumers. The recreationist is faced with a choice among various 
sites with each presenting different factors affecting his level of 
satisfaction. Micholson (1967, p. 512) stated that: 
If a single consumer or producer at a single point 
in time pays, or is willing to pay, different prices for 
two different grades of a particular commodity, the 
difference in price must represent a true difference in 
quality. For, if he knowingly pays more for one grade, 
he must consider it is worth just that much more to him 
than the other; and his assessment is sufficient. 
The recreationist is willing to pay higher prices for higher levels of 
quality which in turn generate a higher level of satisfaction. 
Let us assume that recreation is a want-satisfying economic good, 
recreationists maximize their satisfaction, utility generated from 
recreation consumption is cardinally measurable, recreationists are 
informal about the characteristics of each site, and each recreationist 
has the same preference for the various components of site quality. 
Given these assumptions, recreation services produced at or associated 
with each recreation site give rise to a unique marginal value function 
which expresses the value of the added utility received by a recrea-
tionist, as additional amounts of recreation are consumed. This can 
be illustrated in Figure 3. 
If a consumer faces two alternative boating sites with different 
levels of quality, the difference in quality is reflected in the mar-
ginal value utility curves for the two sites. The site of highest 
quality has the higher marginal utility curve (MVB). Thus for a given 
level of activity (trips) to each of two sites, the site of higher 
quality will yield the greater amount of value (utility) to the recre-
ationist. For a given number of trips S to each site A and B, the 
recreationist's marginal value is greater for site B than for site A 
by the amount PB - PA• 
Similarly, assuming that the use costs of both sites are equal, 
a consumer would be expected to prefer site B to site A. If we assume 
equal prices or costs, at PA, for both sites, the recreationist would 
be willing to take S trips to the lower quality site A and T trips to 
the higher quality site B, such that both the MVA and MVB are equal to 
PA• Hence, the difference in number of trips (T - S) can be considered 
as an expression of the quality advantage site B has over site A, 
because both sites have equivalent use costs. 
Thus, quality differences can be expressed by variations in the 
quantities of recreation (trips) purchased at a single price (distance 
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Price 
or 
Cost 
($ ) 
'~'. 
\ , 
'", 
'\ 
\ MVB 
MVA \ 
° ~------~----------~~--------~~----S T Trips per unit 
of time 
Figure 3. Illustration of an individual user's marginal value utility 
function for two recreation sites. 
interval) or by differences in the prices (variable cost) that consumers 
are observed to pay for given quantities of recreation activity. 
The theoretical basis for the methodology developed by Wennergren 
and Fullerton for estimating economic rent values for recreation lies 
in the fact that rent values associated with total observed site activ-
i ty include both quality and location values. The methodology proposes 
a means of estimating the total rent value and the associated location 
value for a particular recreation site. The residual of these two 
values is then attributed to site quality. 
The calculation of the total rent can be best illustrated by the 
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use of an example. Assume the use costs for each site-origin combination 
are known. For site Sl' the most distant origin of use, On' travels a 
distance of D and has a user cost of P. Given all the other origins, 
n n 
01 •.• n' visiting the site and their respective user costs~ Pl··· n' 
the rent per origin per trip is calculated as the difference between the 
user cost of the origins and the highest cost user (P - P., 
n 1 
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1 = 1, 2, . . . , n). Thus, the total rent value for each origin is estimated 
as follows: 
P 
n 
P 
n 
• 
• 
Rl x Tl = Nl 
R2 x T2 = N2 
• 
• 
P - P = R R x T = N 
n n n n n n 
where: 
P 
n .. 
= the variable use cost per unit of activity from 
the most distant origin using the site; 
Rl · . . 
Tl • •• 
Nl · . . 
P 
n 
R 
n 
T 
n 
N 
n 
= the variable use cost per unit of activity from 
each individual origin using the site; 
= economic rent per unit of activity for each 
origin; 
= level of recreationists activity (number of trips) 
from each origin to the site; and 
= the total economic rent for each origin using the 
site. 
The total economic rent value for the site is the sum of the total 
economic rent for each origin, that is: 
n 
L: 
i=l 
N. = 
1 
n 
L: 
i=l 
(p - P.) T. 
n 1 1 
The total rent estimate is based on the values related to R. and 
1 
T . . The observed data distribution of the spatial relationship bet-
1 
ween sites and origins yields an estimate of total economic rent 
related to the site. However, this total estimate contains both 
location and quality factors related to site usage. 
Location rent values are concerned only with proximity charac-
teristics of the spatial relationship between sites and origins. Con-
sequently, if a recreationist was concerned only with proximity in 
site selection, he would choose the least-distant site. Calculation 
of these values are accomplished through use of a least-cost program-
i h · 1 m ng tee n1que. A least-cost redistribution of the observed level 
of activity alters the amount of activity from a given origin to a 
given site. Total usage of each site is maintained as observed, 
as is the total activity observed from each origin. But the re-
distribution of activity now reflects the arrangement that would 
result if location were the only factor involved in the site selection 
decision. 
The calculation of the total location rent using the least-cost 
distribution of site and origin activities is accomplished in the 
same manner as the total economic rent. For the calculation, the 
rent per unit of activity is determined relative to the highest least-
cost user and is multiplied by the "new" least-cost level of activity 
lFor a more in depth discussion of the least-cost technique, see 
Wennergren and Fullerton, "Estimating Quality and Location Values of 
Recreational Resources," Journal of Leisure Research, IV, No.3 
(Summer, 1972). 
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to determine the location rent per origin. A summation of the location 
rents provides the total site location rent , that is: 
n n 
L L. = 
. 1 1 1= 
L (P - P.) Ti 
n 1 i=l 
where: 
L. = location rent for the ith origin visiting the site. 
1 
P 
n 
P. 
1 
= the variable use cost per unit of activity from the 
most distant origin, determined by the least-cost 
redistribution, using the site. 
= the variable use cost per unit of activity from each 
individual origin using the site as determined by the 
least-cost redistribution. 
Ti = the level of recreationist activity from each origin 
to the site as determined by the least-cost re-
distribution. 
n 
Given the total economic rent value, L N. for a site, the economic 
. 1 1 n 1= 
rent value related to quality L Q. can be calculated as the residual: 
. 1 1 1= 
n 
L N. -
i=l 1 
n 
L L. = 
. 1 1 1= 
n 
L Q. 
. 1 1 1= 
The total economic rent value of the site represents the value of 
the recreational resource. The total economic rent value can then be 
used in calculating a capitalized value for the resource producing 
the recreational service. 
DATA COLLECTION AND METHOD OF ANALYSIS 
The data for this study were collected from mail questionnaires 
distributed to resident Utah boaters during the 1973 boating season. 
A total of 9,491 questionnaires were sent out in three separate mail-
ings during the boating season which extended from May 15, 1973 to 
September 15, 1973. The first mailing contained 3,162 questionnaires 
and inquired about boating activity between the dates May 15, 1973 
and June 31, 1973. The second mailing of questionnaires was sent to 
3,165 resident Utah boaters and inquired about boating activity bet-
ween July 1, 1973 and July 31, 1973. The third mailing contained 
3,164 questionnaires and reported activity between August 1, 1973 and 
September 15, 1973. The questionnaires were sent to a random sample 
of boaters drawn from a master list of approximately 31,500 registered 
boats. The samples were selected from the holders of 1973 boat 
registrations. A total of 1,408 questionnaires were returned, which 
represents a 14.8 percent return. 
The data gathered from the mail questionnaires were used in the 
estimates of resource value based upon the economic rent and consumer 
surplus methodologies. Information was obtained as to the recreation-
ist's city origin, various boating sites visited during the time 
period, number of trips taken to each boating site, expenditures 
incurred at the site, and number of people in the boating party. It 
should be emphasized that the estimates of resource value are based 
upon a representative sample of the population,and precaution should 
be used in extrapolating to the population. 
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Standardized distances from c ity origins to sites were calculated 
u tilizing the most direct route as measured on a published Utah road 
map. Distances from origins to s ites were used in calculations of 
economic rents and as the price variable i n the calculation of the 
consumer surplus. 
Variable cost of travel was independently estimated at $.10 per 
mile traveled. This figure contai ns no provision for time costs of 
travel nor the opportunity costs of alternative boating sites. The 
variable cost of travel of $.10 per mile may seem underestimated in 
view of the present high fuel costs and energy shortage, but at the 
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time the boating activity was consumed, the energy crisis did not seem 
a serious deterrent. Boaters still traveled extended distances to 
consume boating recreation activity, thus a higher variable cost of 
travel estimate would seem to overestimate the resource value, especial-
ly if the resource value is used in long-run comparisons. 
Comparison of estimates of resource value based upon consumer 
surplus and economic rent methodologies were made for twenty-four 
lakes and reservoirs in Utah. Lake Powell was excluded from the 
analysis because the sampling procedure did not capture the extensive 
use of the lake before May 15, 1973 nor after September 15, 1973. 
Therefore, an inaccurate estimate of resource value necessitated the 
exclusion of the site from the analysis. Utah Lake was also excluded 
because previous information has given the lake an image of pollution. 
Although the information has since been proved incorrect, the public's 
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image still remains. It is believed that this image curtailed activity 
a t Utah Lake thereby maki ng the estimates of resource value inaccurate. 
Great Salt Lake was excluded because the composition of the lake entails 
a different kind of boating activity that is not comparable with other 
boating activity in the state. About 18 other lakes in Utah were 
excluded from this analysis because insufficient origin-trip data 
prevented the estimation o f an economic rent and consumer surplus 
value. 
To facilitate the comparison of the two methodologies, both esti-
mates of resource value were based upon the same set of observed 
activity. Consumer surplus estimates were made using linear demand 
functions and curvilinear demand functions. Both consumer surplus 
estimates were used in comparison with economic rent. The consumer 
surplus was calculated relative to the highest cost user to alleviate 
the problem of high surplus values due to inelastic demand curves and 
to put economic rent and consumer surplus on an equivalent basis. 
The calculations of economic rent and consumer surplus are consistent 
with the methodologies developed in the conceptual model section. 
RESULTS OF THE STUDY 
Estimates of consumer surplus and economic rent values were made 
for twenty-four boating sites in Utah. The comparison of the two 
methodologies is based upon total value estimates only, albeit the 
conclusions and analysis apply to the l ocation and quality values 
estimates alike. All estimates were computed utilizing the same set 
of data and employing the same constraints. 
To avoid duplication, a detailed analysis of the procedure for 
deriving consumer surplus and economic rent values for a boating 
site will be presented for one site only. Estimates for the remaining 
sites will be presented as individual site totals. The total value 
estimates for the remaining sites are presented in Appendix A, Table 9. 
Boating site 21, Willard Bay, is used for illustration. 
Estimating Consumer Surplus 
The data used to estimate the statistical demand for site 21 for 
the 1973 boating season are shown in Table 1. The total trips in 
column 2 for each origin were derived from the sample data. The total 
2 questionnaires returned were also computed from the same data. The 
2 
35 
The user of total questionnaires returned instead of total registered 
boaters per origin to compute average trips per boater is because it 
requires fewer computations while at the same time yields equivalent 
results. The usual procedure for computing average trips per boater 
is to calculate the number of boaters that traveled from the origin 
to the site (S) based upon the sample data. This is divided by the 
number of questionnaires returned from the origin (R) to obtain the 
percentage of boaters at the origin that visited the site (SIR) based 
Table 1. Number of trips and travel costs related to boating use of 
site 21, Willard Bay, Utah, 1973. 
Origin 
Brigham 
Clearfield 
Heber 
Morgan 
Oglen 
Roy 
Salt Lake City 
Tooele 
Farmington 
Syracuse 
Bountiful 
Kearns 
Sandy 
Sunset 
Layton 
Murray 
Hill A.F.B. 
Hooper 
West Jordan 
Riverton 
Magna 
Total 
/I of 
Trips 
6 
5 
1 
1 
61 
11 
47 
1 
1 
1 
19 
1 
5 
3 
4 
3 
4 
2 
1 
2 
2 
--181 
Total 
Questionnaires 
Returned 
27 
23 
6 
4 
159 
26 
444 
11 
5 
2 
51 
6 
28 
6 
27 
32 
4 
5 
6 
3 
15 
Average Trips 
Per Questionnaire 
Returned 
0.2222 
0.2174 
0.1667 
0.2500 
0.3836 
0.4231 
0.1059 
0.0909 
0.2000 
0.5000 
0.3725 
0.1667 
0.1786 
0.5000 
0.1481 
0.0938 
1.0000 
0.4000 
0.1667 
0.6667 
0.1333 
Average 
Travel Cost 
Per Trip ($) 
2.00 
4.00 
19.80 
7.20 
2.40 
3.60 
9.40 
16.20 
6.00 
5.40 
7.40 
10.80 
10.80 
4.20 
4.60 
10.60 
1.60 
3.20 
12.00 
13.20 
11.40 
upon sample data. To calculate the total number of boaters that would 
36 
be expected to visit the site from an origin, the percentage of boaters 
visiting the site (SIR) is multiplied by the total number of registered 
boaters at the origin (B) to yield B x (SIR). The total number of trips 
taken from the origin to the site (T) is divided by the number of boaters 
that traveled from the origin to the site to arrive at the average number 
of trips per boater (TIS). The average trips per boater is then multi-
plied by the total number of expected boaters visiting the site to obtain 
the total number of visits that could be expected from an origin to the 
site B x (SIR) x (TIS) = B x T/R. This is divided by the total number 
of registered boaters in the origin to derive the total number of trips 
per boater that would be expected from the origin to the site which is 
equivalent to the number of visits to the site divided by the number of 
questionnaires returned from the origin as obtained from the sample data 
(B x T/R) + B = T/R. 
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average trips per return (column 4) were calculated from columns 2 and 3. 
The average travel costs per trip (column 5) were determined by calcu-
lating the round trip distance from the origins to site 21 estimated at 
$.10 per mile. The demand estimates for the site were derived from a 
regression analysis of columns 4 and 5. 
The relationship between the average number of trips per boater 
(Q) and the average travel costs per tr i p (P) was determined using 
linear estimates and curvilinear estimates. The general linear equation 
form fit to the data as the demand estimate is: Q = a + b P . 
The linear equation form yielded a statistical demand estimate for 
site 21 of 
Q = 0.461 - 0.0199 P 
The coefficient of determination <r2) was 0.19 which indicated that 19 
percent of the variation in number of trips to site 21 could be explained 
by variations in the travel costs. The regression coefficient 
(b= -0.0199) was statistically significant at the five percent level. 
Given the statistical estimate of demand, the next step is that 
which imputes a value to the resource. The measure of resource value 
is the consumer surplus realized by boaters. 
The total surplus value (TeS) for the boating site is calculated 
as follows: 3 
3 The demand functions for a boating site were defined with quantity 
as a function of price Q = f(P). In this way, the integration can be 
done in terms of the price variable and the number of calculations needed 
to determine consumer surplus are reduced significantly. Mathematically, 
for linear demand functions, the consumer surplus values are equivalent 
irregardless of whether quantity is defined as a function of price 
Q = f(P) or price is defined as a function of quantity P = f(Q). For the 
mathematical proof see Appendix B. 
where: 
P 
n n 
TCS. = L [I Q. dP] Bi 
J i=l P J 
i 
TCS. = the total consumer surplus value for the jth boating site. 
J 
Q. = the statistical demand estimate for site j. 
J 
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P = the travel costs for an origin visiting the site (P. is the 
1 
th travel costs of the i origin and P is the travel costs of 
n 
the highest cost origin). 
i = a typical city of origin (I to n). 
The consumer surplus is calculated relative to the highest cost user 
(Heber in this case) to avoid the possibility of large surplus values 
due to inelastic demand estimates and to render a compatible estimate 
with the economic rent values. 
The formula used to calculate the total consumer surplus for site 
21 linear demand estimate is: 
n 
L 
i=1 
19.80 
[I (0.461 - 0.0199 P) dP] B. 
1 P. 
1 
The estimated total surplus value for site 21 is shown in table 2. 
The total surplus value of the boating site to boaters living in Brigham, 
Utah is $2,585 for the linear demand estimate (column 5). The boaters 
incur an average travel cost of $2.00 (column 2) and realize a surplus 
value per boater of $4.36 (column 4) over and above the costs incurred. 
Since 593 registered boaters are at the origin and each realize the 
surplus value, the total surplus value to all boaters at the origin is 
Table 2. Estimates of annual surplus values for boating site 21, Willard Bay , Utah, 1973. 
Origin 
Brigham 
Clearfield 
Heber 
Morgan 
Ogden 
Roy 
Salt Lake City 
Tooele 
Farmington 
Syracuse 
Bountiful 
Kearns 
Sandy 
Sunset 
Layton 
Murray 
Hill A.F.B. 
Hooper 
West Jordan 
Riverton 
Magna 
Travel 
Costs 
Per Trip 
$ 2.00 
4.00 
19.80 
7.20 
2.40 
3.60 
9.40 
16.20 
6.00 
5.40 
7.40 
10.80 
10.80 
4.20 
4.60 
10.60 
1.60 
3.20 
12.00 
13.20 
11.40 
Total Registered 
Boaters at 
the Origin 
593 
375 
184 
102 
3,128 
549 
9,032 
375 
114 
77 
1,152 
348 
787 
197 
551 
817 
58 
72 
214 
194 
232 
Linear 
Surplus Value 
Per Boater 
$4.36 
3.56 
0.00 
2.44 
4.20 
3.72 
1.79 
0.38 
2.84 
3.05 
2.38 
1.42 
1.42 
3.49 
3.34 
1.47 
4.53 
3.87 
1.14 
0.89 
1.28 
Total Linear 
Surplus Value 
(Dollars) 
$ 2,585 
1,335 
0 
249 
13,138 
2,042 
16,167 
143 
324 
235 
2,742 
494 
1,118 
688 
1,840 
1,201 
263 
279 
244 
173 
297 
$45,557 
Curvilinear 
Surplus Value 
Per Boater 
$3.72 
2.97 
0.00 
2.21 
3.54 
3.10 
1.65 
0.50 
2.40 
2.56 
2.07 
1 .38 
1.38 
2.90 
2.78 
1.42 
3.91 
3.23 
1.17 
0.97 
1.27 
Total Curvilinear 
Surplus Value 
(Dol lars) 
$ 2 ,206 
1 ,114 
0 
216 
11 ,073 
1 ,702 
14 ,903 
188 
274 
197 
2 ,385 
480 
1,086 
571 
1 ,532 
1 ,160 
227 
233 
250 
188 
295 
$40 ,280 
W 
\0 
40 
$2,585. The summation of the aggregate origin values gives an estimated 
annual value of $45,557 for site 21 using linear demand estimates. 
Statistical demand estimates wer e also made using curvilinear 
equations. The curvilinear equations were determined by taking the 
natural logarithm of the average number of trips per boater and the 
average travel costs per boater (column 4 and column 5 of table 1) 
and applying regression analysis to the transformed variables. The 
general curvilinear equation form fit to the data as the demand estimate 
is: 
The curvilinear equation form yielded a statistical demand estimate 
for site 21 of: 
Q = e-0.3943 p-0.547l 
The coefficient of determination (r2) was 0.34 which indicated that 34 
percent of the variation in number of trips to the site could be explained 
by variation in the travel costs. The regression coefficient (b = -0.5471) 
was statistically significant at the one percent level. 
Consumer surplus values were imputed to the resource using the 
same integration technique as was used for the linear demand estimates. 
The only change is the substitution of the curvilinear equation for the 
linear equation. The formula used to calculate the consumer surplus 
with the curvilinear equation for site 21 is: 
n 19.80 
E [J (e-0.3943 p-0.547l) 
i=l Pi 
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The estimated total surplus value for site 21 is shown in Table 2. 
The total surplus value of the site for boaters living in Brigham, Utah 
i s $2,206 for the curvilinear demand estimate (column 7). The boaters 
incur a travel cost of $2.00 and realize a surplus value per boater of 
$3.72 (column 6) over and above the costs incurred. Since 593 registered 
boaters are at the origin, the total surplus value for all boaters at 
the origin is $2,206 (column 7). The summation of the origin values 
gives an estjmated annual value of $40,280 for site 21 with the curvi-
linear demand estimates. 
Estimating Economic Rent 
From the mail questionnaires, the volume of activity from various 
origins to the site (Willard Bay) was determined. This volume of activity 
is reported in Table 3. Column 1 shows the various origins visiting 
site 21. Column 2 indicates the adjusted round trip mileage traveled 
by boaters from the various origins to site 21. Taking the most dis-
tant origin (in this case Heber) as the marginal origin, column 3 is 
derived by subtracting the distance of each of the intermediate origins 
from the Heber distance. This yields the location advantage in miles 
of each origin visiting site 21 relative to the most distant origin 
reporting boating activity. Column 5 is the translation of the location 
advantage into value by multiplying the location advantage by the level 
of activity (column 4) and by $.10, the assumed travel cost per unit. 
This gives the economic rent value produced at site 21 by each origin. 
The sum of these economic rents per origin gives the total annual economic 
Table 3. Total economic rents for boating site 21, Willard Bay, Utah, 1973. 
Origin 
Brigham 
Clearfield 
Heber 
Morgan 
Ogden 
Roy 
Salt Lake City 
Tooele 
Farmington 
Syracuse 
Bountiful 
Kearns 
Sandy 
Sunset 
Layton 
Murray 
Hill A.F.B. 
Hooper 
West Jordan 
Riverton 
Magna 
Adjusted Miles 
(Round Trip) 
20 
40 
198 
72 
24 
36 
94 
162 
60 
54 
74 
108 
108 
42 
46 
106 
16 
32 
120 
132 
114 
Location 
Advantage 
(Miles) 
178 
158 
0 
126 
174 
162 
104 
36 
138 
144 
124 
90 
90 
156 
152 
92 
182 
166 
78 
66 
84 
Number 
of 
Trips 
6 
5 
1 
1 
61 
11 
47 
1 
1 
1 
19 
1 
5 
3 
4 
3 
4 
2 
1 
2 
2 
181 
Total Rent 
Per Origin 
@ $.10 per mile 
$ 107 
79 
0 
13 
1,061 
178 
489 
4 
14 
14 
236 
9 
45 
47 
61 
28 
73 
33 
8 
13 
17 
$2,529 
Projected Total 
Rent Per Origin 
$ 2,332 
1,722 
0 
283 
23,122 
3,879 
10,657 
87 
305 
305 
5,143 
196 
981 
1,024 
1,329 
610 
1,591 
719 
174 
283 
370 
$55,112 
~ 
N 
rent value associated with Willard Bay State Park. The sample total 
value of economic rent is $2 , 429. 
The economic rent values presented so far in Table 3 are in terms 
of the sample size. To project the estimated values to state totals 
and make them comparable to the consumer surplus values, the following 
method was used. The sample projection factor for the number of 
boaters is found by dividing the to t al number of registered boaters 
(B) by the data sample size (R). The sample projection factor (B/R) 
provides an estimate of the weight of each boater in the sample in 
terms of the total number of boaters. Multiplying the projection 
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factor by the number of boaters sampled from an origin (S) yields an 
estimate of the total number of boaters in an origin (S x B/R). None-
theless, economic rent is expressed in terms of rent per trip. Therefore, 
the total boaters per origin must be multiplied by the average number 
of trips taken from the origin (TIS) to arrive at an estimate of the 
total number of trips that would be expected from the origin, (S x B/R) 
x (TIS) = (T x B/R). The total number of trips per origin, (T x B/R) , is 
then multiplied by the location advantage per origin to obtain the 
projected total economic rent per origin. However, the computation of 
economic rent per origin already entails the product of location advantage 
times the number of trips, thus, it was necessary to divide the projection 
factor by the number of trips per origin to prevent the double counting 
of the number of trips [T x (B/R) + T] = B/R. Consequently, the appro-
priate projection factor for economic rent is the total number of regis-
tered boaters divided by the data sample size (B/R). 
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To facilitate the comparison of economic rent and consumer surplus, 
the economic rent projection factor was based upon the total number of 
boaters in the origins visiting the twent y-four sites. Basing the 
projection factor on the total number of registered boaters in the 
state of Utah would tremendously overestimate the economic rent values 
for the twenty-four sites and would not yield comparable estimates with 
the consumer surplus calculation. 
Hence, given that: 
The total number of registered boaters in the 
origins visiting the twenty-four boating sites = 27,917 
The data sample size for the twenty-four sites 
The projection factor for economic rent is: 
27,917 
1,281 = 21.793 
= 1,281 
The projected economic rent values for site 21 are in column 6 of 
Table 3. Column 6 is derived by multiplying column 5 by the projection 
factor for economic rent, 21.793. The projected total economic rent 
value for Brigham, Utah is $2,332 and the projected annual economic 
rent value for site 21 is $55,112 (column 6). 
Mathematical Comparison 
One of the main objectives of this study is to analyze the consumer 
surplus and economic rent methodologies to determine the comparability 
of the two measures of resource valuation. The analysis is concerned 
with examining the assumption that consumer surplus and economic rent 
are equivalent valuation methodologies. If the two methodologies are 
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not equivalent, the factors contributing to the inequivalence are 
a scertained and analyzed to determine the effect each has upon the 
me t hodologies. 
A common model was developed to facilitiate the comparison of 
the two valuation techniques. The model utilized is a basic consumer 
surplus model that has been adapted to encompass the notation and 
logic of both models. Two assumptions were used in the common model 
other than the assumptions necessary for the consumer surplus and 
economic rent methodologies. First, consumer surplus was analyzed 
with respect to linear demand functions. 4 Second, the consumer surplus 
is determined relative to the highest cost user. The basic model and 
the notation to be presented through the remainder of this section are 
illustrated in Figure 4 below. 
Where: 
T •. 1J 
T . 
nJ 
R. 
1 
R 
n 
b. 
J 
= the travel costs from origin i to site j. 
= the travel costs from the most distant origin (n) to 
site j. 
= the number of trips from origin i to site j as reported 
by people answering the questionnaire. 
= the number of trips from the most distant or1g1n (n) 
to site j as reported by the people answering the 
questionnaire. 
= the number of questionnaires returned from origin i. 
= the number of questionnaires returned from origin n. 
= the travel costs (price) intercept of the demand function 
for site j. 
4The use of linear demand functions is not essential although it 
facilitiates the comparison by simplifying the presentation and inter-
pretation of the results. 
Travel 
Cost 
($) b j 
P .~---"Io... 
nJ 
T . 
~ 
R 
n 
Tij 
R. 
1 
= f(P) 
a. 
J 
Trips per capita 
per unit of time 
Figure 4. Common model utilized for the comparison of economic 
rent and consumer surplus. 
a. = the trips per capita (quantity) intercept of the demand 
J function for site j. 
Bi = the total number of registered boaters in origin i. 
i = a typical origin (1, .•• , n). 
j = a typical site (1, ••• , m). 
Q. = the demand function for site j. 
J 
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Travel costs (P .. ) are assumed to detennine the amount of recreation 1J 
consumed at a site therefore the quantity of recreation (trips per 
capita) demanded is a function of travel costs (price). Hence, the 
linear demand function for site j can be written as: 
-a. 
Q. = ~b P + a j J . J 
47 
Based upon the methodology developed previously and the demand function 
given above, the total consumer surplus for site j is given by the 
following equation. 
P 
nj n 
TeS. = L [ f 
J i=l Pij 
a. 
(- ~b P + a.) dP ] B. 
. J 1 
J 
= 
~ [ (Pnj - Pij ) ( Tij + Tnj )] B. 
i I 2 R. R 1 = 1 n 
The equation for calculating the total economic rent for site j can be 
written as: 
n 
TER. = L (P. - P .. ) TiJ. J i=l nJ 1J 
n 
L B. 
. I 1 1= 
n 
L R. 
i=l 1 
The following constraints are derived from the definitions and calcu-
lation procedures of the two methodologies. 
Pij > 0 for all i and j 
T .. > 0 for all i and j 1J 
Pij < P nj for all i and j -
Ri > I for all i 
B. > I for all i 1 
The comparison of consumer surplus and economic rent was under-
taken in three stages. First, the basic measures of consumer surplus 
and economic rent were compared to ascertain the relationship between 
them. Second, the projection factors were applied to the basic measures 
to determine the effect of projecting the measures to total values for 
an origin visiting a site. Finally, the total economic rent for the 
site is compared to the total consumer surplus for the site to see if 
the two methodologies are equivalent. 
Stage I 
The consumer surplus for the ith origin visiting site j is given 
by the formula below: 
P 
nj (P . - P .. ) a. 
J ( - -.-l.p + a. ) dP = nJ 1J 
Pij 
b. J 2 J 
The economic rent for the ith origin traveling to site j is given by 
the following equation: 
(P . - P .. ) T .. 
nJ 1J 1J 
T .. 
Since R. > 1 for all 
1- i, then T .. ~ R~J for all i. 1J 1 
That is, the number of trips taken to site j from origin i will 
be greater than or equal to the trips per capita from origin i to site 
j for all origins visiting site j. This holds true for all the sites. 
In appendix C, it is shown that 
Tij 
R. 
1 
> 
T . 
-..!!.l 
R 
n 
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for all i traveling to j5, consequently, since 
T .. T. . T. 
for all i we have that 
T .. ~ R 1J 
1J i 
and ......!..l > -..!!.l 
R. - R 
1 n 
5 For empirical data the inequality may not hold but the calculation 
of consumer surplus is based upon the statistical demand function and the 
negative slope of the demand function dictates the relationship. In cal-
culating the consumer surplus the trips per capita are computed from the 
demand function and the corresponding travel costs. 
Also, 
T .. 
2T .. > 2 R1J for all i and j 
1J i 
T. . T. 
2T > ~ + ~ for all i and J .
• . - R. R 1J 1 n 
T . . T. 
> 1/2 ( ~ + ~ ) for all i and j R. R 
1 n 
since Pij < P . , then P nj p .. > 0 for all i - nJ 1J -
(P . - p .. ) Ti . T. (P . - p .. ) T .. > nJ 1J ( ~+~ 
nJ 1J 1J 2 Ri R n 
for all i and j. 
and j , therefore: 
) 
Therefore, the economic rent for origin i traveling to site j is 
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h 1 h 1 f h · th .. . i . greater t an or equa to t e consumer surp us or tel or1g1n V1S t1ng 
site j. The condition for equality is that: 
T •. 1J 
or that the trips in the economic rent model from origin i be equal to 
the average trips per capita between origin i and the highest cost origin 
(n) traveling to site j in the consumer surplus model. 
Since economic rent for origin i equals or exceeds the consumer 
surplus for origin i, the economic rent can be represented as a multiple, 
(K .. ), of the consumer surplus for origin i. That is, 1J 
(P . - p .. ) T . . T. 
= Kij [ nJ 2 1J (R~J + RnJ )] 
1 n 
The value of K . will depend upon the difference between the trips from iJ 
origin i to site j and the trips per capita from origin i to site j and 
the elasticity of the demand function. Consequently, the value of K 
ij 
will vary among origins visiting site j as well as varying among sites 
1, ... , m. The value of K .. based upon statistical demand functions 
1J 
would be calculated as follows: 
2T .. Ri Rn 1J 
T .. R + T . R. 
1J n nJ 1 
In the situation where economic rent equals consumer surplus, the 
value of K .. would be 1. As P . approaches b., then by definition of 
1J nJ J 
the demand function T . approaches zero and K .. would approach 2R .. 
nJ 1J 1 
This means that if the highest cost origin coincides with the travel 
cost intercept of the demand function, the economic rent value for 
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origin i traveling to site j will exceed the consumer surplus value for 
origin i by a factor of two times the number of returned questionnaires. 
Thus the value of K .. will be between one and 2R. for an origin visiting 
1J 1 
a site. 
These conclusions can be represented graphically as shown in Figure 
5. The economic rent is displayed in Figure 5 by area E ( 8/;,~/>;a ) 
(P . - p .. ) T.. = Area E 
nJ 1J 1J 
The consumer surplus is shown graphically as area S ( t\\~\S3 ) 
(P . - p .. ) 
nJ 1J 
2 
T. . T. ( ~ + -E..l ) = Area S 
Ri Rn 
The multiple K .. is determined by divising area E by area S. 
1J 
K .. = 
1J 
Area E 
Area S 
Travel 
Costs 
($) 
P . 
nJ 
T . 
~ 
R 
n 
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Trips per capita 
~---""-------- per unit of time 
T •. T .. 
~ 1J 
R. 
1 
Figure 5. Graphic representation of consumer surplus and economic 
rent. 
Stage II 
After multiplying the economic rent and consumer surplus by their 
particular projection factors, both methodologies are expressed in 
equivalent units. They are expressed in terms of a "price" times the 
total projected number of trips that would be taken from the ith origin 
to site j. 
The project factor for consumer surplus is the total number of 
registered boaters in the respective origin, B •• 
1 
Thus, the projected 
consumer surplus for origin i visiting site j is given by the following 
formula: 
P . - p.. T.. T. 
nJ 2 1J ( R~J + RnJ ) Bi 
1 n 
The projection factor for economic rent is the total number of regis-
tered boaters divided by the total number of questionnaires returned, 
n / n L B. L R. 
i=l 1 i=l 1 
or the weight that each questionnaire in the set of data represents. 
The projected economic rent for origin i traveling to site j is shown 
below: 
(P . - p .. ) 
nJ 1J 
T •. 
n 
L B. 
.1 1 1= 
1J n 
L R. 
i=l 1 
The projection factors determine the relationship between the 
total number of trips that are expected from each origin visiting a 
site in the particular models. The total number of expected trips 
from an origin to a site in the consumer surplus model is the trips 
per capita times the total 
T .. 
~ B. The total number R. 1 
1 
in the economic rent model 
projection factor, or 
n 
L B. 
.1 1 1= ~.:::..-- T .. 
n 1J 
L R. 
.1 1 1= 
number of boaters from the origin, or 
of trips taken from an origin to a site 
is the observed number of trips times the 
The projected number of trips taken from an origin has a signif-
icant effect upon the relationship between economic rent and consumer 
surplus. The relationship between 
Tij 
R B. . 1 
1 
and 
n 
L Bi 
i=l 
n 
L Ri 
i=l 
T .. 
1J 
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or simply 
and 
n 
L B. 
i=l 1 
n 
L R. 
i=l 1 
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is presented in Appendix D. The proof in Appendix D shows that for a 
particular origin visiting a site, the total projected number of trips 
taken from the origin in the economic rent and consumer surplus models 
will have the subsequent relationship; either 
n n 
L B. T .. L B. B. i=l 1 i=l 1 
Tij < ~ B ( ) < 1 -n Ri i n Ri 
L R. L Ri 
i=l 1 i=l 
or 
n n 
L Bi Ti · 
L B. B. i=l 1 i=l T .. > ~ B < > > 1 -
n 1J - R i n R. 
L Ri i L R. 1 
i=l i=l 1 
Consequently, for a site, some origins will have fewer total pro-
jected trips, some equal, and some greater total projected trips in the 
economic rent model than in the consumer surplus model. 
If the projected number of trips in the rent model is less than 
the projected number of trips in the surplus model, 
n 
L B. B 
i=l 1 • 
---<-1:. 
R. 
1 
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then, the projected economic rent value could be greater than, equal to, 
or less than the projected consumer surplus value for origin i visiting 
site j. Figure 6 represents this situation geometrically. 
In stage I, it has been shown that economic rent exceeds consumer 
surplus for each origin visiting each site. The amount that rent exceeds 
surplus may be sufficient to compensate for the effect of the projection 
factors upon their respective resource values. For example, in Figure 6, 
area A is the projected economic rent and area B is the projected 
Travel 
Costs 
($) 
P . 
nJ 
P .. 1J 
T .. 
--.!J. B 
R. i 
1 
.~, a. 
J Trips per capita 
per unit of time 
Figure 6. Comparison of economic rent and consumer surplus with 
n 
L B. 
i=l 1 B. 
<--2:. 
n 
L R. 
. 1 1 1= 
R. 
1 
• 
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consumer surplus. If area A exceeds are B, the projected economic rent 
value will exceed the projected consumer surplus value, for origin i 
visiting site j. If area A equals area B, the two resource values for 
origin i will be equivalent. If area A is less than area B, the pro-
jected consumer surplus will exceed the projected economic rent for 
origin i. Mathematically, we have that given: 
then 
n 
n 
L: B. 
. 1 1 1= 
n 
L: R. 
i=l 1 
L: B. 
. 1 1 1= 
--- T .. 
n 1J 
L: Ri 
i=l 
T .. 
n 
L: Bi 
i=l 
1J n 
L: R. 
. I 1 1= 
n 
L: Bi 
i=l {P .-Pi . )T i . nJ J J n 
L: Ri 
i=l 
< 
< 
T . 
+ --.!!J..) B 
R i 
n 
T . . T. 
< (P . - P .)( ~ + ~ ) B 
nJ iJ R. R i 
1 n 
But when we divide the right side in half to obtain the equation for 
the projected consumer surplus, there is no guarantee that the inequality 
will hold. The direction of the inequality in this situation will depend 
upon the empirical data. Consequently, there is not a firm relationship 
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in this situation between projected economic rent and consumer surplus 
for all origins visiting a site. 
On the other hand, if the total projected number of trips in the 
economic rent model is greater than or equal to the total projected 
number of trips in the consumer surplus model for origin i visiting site j, 
n 
L B. 
. I 1 1= 
n 
L R. 
. I 1 1= 
> 
B. 
1 
R. 
1 
then the projected economic rent value will exceed the projected consumer 
surplus value. In this case, the projection factor magnifies the amount 
economic rent exceeds consumer surplus. This situation is shown in 
Figure 7. 
Economic rent exceeds consumer surplus by a factor of K .. , and the 
1J 
rent projection factor multiplies this into an excess of projected 
economic rent over projected consumer surplus equal to area C in 
Figure 7. The amount projected economic rent exceeds projected con-
sumer surplus in this situation will again depend upon the empirical 
data. 
Given: 
n 
L B. 
. I 1 1= 
n 
L Ri 
i=l 
> 
Travel 
Costs 
($) 
p . 
nJ 
Trips per capita 
~--------------~--~------~--------per unit of time 
Tij n 
R Bi E B. 
i i=l 1 
Tij n 
E R. 
i=l 1 
Figure 7. Comparison of economic rent and consumer surplus with 
then 
2 
n 
E R. 
i=l 1 
n 
E B. 
i=l 1 
n 
E Ri 
i=l 
n 
E Bi 
i=l 
n 
E Ri 
i=l 
B. 
> ~ 
R. 
1 
Tij > 
T .. 
1J 
> 
• 
B. 
1 R Ti · i J 
Ti . T. ( --ll+-..!ll) Bi Ri Rn 
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n 
(P . - P .. ) 
nJ 1J 
L: B. 
T.. i=l 1 
1J > 
P . - p.. T.. T. 
nJ 2 1J ( R~J + RnJ ) Bi 
1 n 
Since the effect of the projection factors upon economic rent and 
consumer surplus is not unique, no specific relationship between the 
two projected valuation techniques can be ascertained. For any par-
ticu1ar origin i visiting site j, the projected economic rent value can 
be greater than, equal to, or less than the projected consumer surplus 
value for the origin. A specific relationship will depend upon the 
proportionality of the sampling technique; that is, the relationship 
between 
n 
L: R. 
i=l 1 
Sta~e II~ 
and 
B. 
1 
R. 
1 
The economic rent or consumer surplus value for a site j is found 
by summing up the individual projected values of the various origins 
that visited the site. In equation form this is: 
n 
L: (P . - PiJ.) i=l nJ 
T .. 
n 
L: Bi 
i=l 
1J n 
L: Ri 
i=l 
for the total economic rent value for site j, and 
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n (P. - P .. ) 
L [nJ 1J 
2 
T. . T. 
( R~J + RnJ ) Bil 
1 n i=l 
for the total consumer surplus value for site j. 
In Stage I, it was shown that economic rent exceeds consumer surplus 
for all origins i visiting any site j, 
(P . - p .. ) T .. 
nJ 1J 1J 
P . - p.. T.. T. 
> nJ 1J (~+ ---E2 ) 
2 R. R 
1 n 
for all i and j. 
But in Stage II, after the application of the projection factors, 
a unique relationship no longer held. Depending upon the relationship 
of the respective projection factors projected economic rent could be 
less than, equal to, or greater than the projected consumer surplus for 
any particular origin i visiting j, 
or 
(P . - P .. ) 
nJ 1J 
n 
L B. 
i=1 1 
T •. 1J n 
T .. 
L R. 
.1 1 1= 
n 
L B. 
. 1 1 1= 
1J n 
L R. 
. 1 1 1= 
< 
> 
P . - p.. T.. T. 
nJ 2 1J ( R~J + RnJ ) Bi 
1 n 
P . - Pi. T.. T. 
nJ J (2..1 + -.!!.J... ) 
2 R. R Bi 
1 n 
Thus, from Stage II and Appendix D, we know that for a particular 
origin visiting site j the projected economic rent may exceed, equal, 
or be less than the projected consumer surplus for that origin and also 
for the origins visiting site j, there are going to be some origins where 
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where the projected rent will exceed the projected surplus, some origins 
where the two values are equal, and some origins where the projected 
consumer surplus will exceed the projected economic rent. Consequently, 
when the projected resource values per origin are summed to determine 
the resource value for the site, it is inconclusive as to whether the 
total economic rent value for site j will be greater than, equal to, or 
less than the total consumer surplus value for site j. Since the value 
K.. is not constant for all origins visiting a site and the projection 
1J 
factors do not yield a unique relationship for all origins visiting a 
site, it is unknown if the different effects upon the various origins 
will be offsetting when the values are summed to calculate the total 
resource value for the site. It will depend upon the relative differences 
between the two resource values per origin. 
In the final comparison, if the amount that economic rent exceeds 
consumer surplus from Stage I is enough to compensate the effect of the 
projection factors for enough origins traveling to site j, then the total 
economic rent will exceed the total consumer surplus for site j. Con-
versely, if the amount that economic rent exceeds consumer surplus is 
not enough to compensate the effect of the projection factors for a 
sufficient number of origins, then the total consumer surplus value will 
be larger than the total economic rent value for site j. Therefore, 
depending upon the relative effects of Stage I and Stage II, the total 
economic rent may be less than, equal to, or greater than the total 
consumer surplus for site j, 
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n 
n L Bi n P 
nj - p .. Ti . T. r. (P . 
- P ij) Tij 
i=l 
< L [ 1J ( ~+~ ) Bi ] i=l nJ n i=l 2 Ri Rn l: Ri 
i=l 
or 
n 
n 
L (P . - p .. ) 
i=l nJ 1J 
L B. 
i=l 1 
Tij n > 
n p. - Pi. T . . T. 
L [nJ J (~+ ~ ) ] 
2 Ri Rn Bi 
L R. 
i=l 1 
i=l 
In conclusion, the mathematical analysis of the comparison of consumer 
surplus and economic rent is that there is no unique relationship between 
the two methodologies. The factors having the strongest influence upon 
the comparability of consumer surplus and economic rent are the use of 
trips as compared to trips per capita, the constant economic rent per trip 
compared to the declining marginal value for an additional trip per capita, 
and the respective projection factors of the two resource valuation 
methodologies. The next section will analyze the conclusions arrived 
at in this mathematical comparison in the light of empirical data. 
Empirical Comparison 
The empirical comparison of economic rent and consumer surplus follows 
the same line of reasoning as employed in the mathematical comparison to 
aid in the understanding of the conclusions arrived at in the mathematical 
section. The analysis will concentrate on a comparison between the economic 
rent and the consumer surplus based upon linear demand estimates. The 
curvilinear surplus values are presented to give an idea of the differen-
ces encountered from using alternative demand estimates. To avoid 
redundancy, the empirical comparison will be illustrated by using a 
representative site to develop the concepts employed in Stage I, Stage 
II, and Stage III of the mathematical section. Boating site 19, 
Starvation, will be used in illustrating the empirical comparison. 
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Stage I compared the basic measures of consumer surplus and 
economic rent for an origin visiting a site. Table 4 presents the 
basic consumer surplus and economic rent values for the various origins 
visiting Starvation. In column 1 are the origins visiting site 19. 
Column 2 presents the economic rent values for the various origins. 
Column 3 contains the linear consumer surplus values for the origins 
visiting Starvation. In column 4 are the consumer surplus values 
based upon the curvilinear demand estimates for the various origins. 
As was shown in Stage I of the mathematical proof, all the economic 
rent values exceed or equal the consumer surplus values. The economic 
rent value for Roosevelt is $62.00, while the consumer surplus value 
for linear demand estimates is $14.08. The economic rent value for 
St. George is $0.00, and the consumer surplus value is also $0.00. The 
largest difference between economic rent and consumer surplus is for the 
Salt Lake City origin. For Salt Lake City, the economic rent value is 
$1,613, and the linear consumer surplus value is $9.74. Both the economic 
rent and the linear consumer surplus values exceed the curvilinear con-
sumer surplus values. The consumer surplus values based upon the curvi-
linear demand estimates are less than the linear consumer surplus values 
because the curvilinear demand estimates produce a better statistical 
fit to the empirical data and thus reduces the area under the demand 
function. The relationship between the linear and curvilinear demand 
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Table 4. Basic economic rent and consumer surplus values for origins 
visiting site 19, Starvation, Utah, 1973. 
Origin 
Roosevelt 
Park City 
Pleasant Grove 
Provo 
American Fork 
Mapleton 
Salt Lake City 
Sandy 
Midvale 
Mt. Pleasant 
Murray 
Magna 
Woods Cross 
Farmington 
Layton 
Riverton 
Clearfield 
Roy 
Ogden 
West Jordan 
Monroe 
Logan 
Kanosh 
Cedar City 
St. George 
Economic 
Rent 
Per Origin 
$ 62.00 
48.00 
97.00 
144.00 
48.00 
46.00 
1,613.00 
87.00 
129.00 
43.00 
253.00 
16.00 
41.00 
40.00 
39.00 
38.00 
38.00 
38.00 
73.00 
72.00 
30.00 
28.00 
23.00 
10.00 
0.00 
Consumer 
Surplus 
Per Origin 
(linear) 
$14.08 
10.86 
10.86 
10.77 
10.72 
10.30 
9.74 
9.70 
9.60 
9.51 
9.42 
9 . 28 
9.10 
9.00 
8.77 
8.50 
8.45 
8.36 
8.13 
8.04 
6.67 
6.08 
5.09 
2.17 
0.00 
Consumer 
Surplus 
Per Origin 
(curvilinear) 
$8.98 
6.04 
6.04 
5.97 
5.93 
5.63 
5.25 
5.21 
5.15 
5.09 
5.03 
4.94 
4.82 
4.76 
4.61 
4.44 
4.41 
4.35 
4.21 
4.16 
3.36 
3.03 
2.49 
1.02 
0.00 
functions are illustrated in Figure 8. The linear demand estimate is 
given by the following equation: 
Q19 = 0.2422 - 0.0004 P 
The curvilinear demand estimate is: Q19 = e-0.3547 p-0.4654 
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~----~~~ ____ ~~~ ____ ~~~ __ -,~~ _________ Trips per capita 
o 0.25 0.50 0.75 per unit of time 
Figure 8. Linear and curvilinear demand estimates for site 19, 
Starvation, Utah, 1973. 
A major reason for the discrepancy between the economic rent and 
the consumer surplus values is because the economic rent methodology 
multiplies the rent times the number of trips taken from the origin to 
obtain the resource value to the origin. The consumer surplus, on the 
other hand, standardizes the trips by calculating the trips per capita 
to avoid the overpowering effect of large population centers, thereby 
yielding a better measure of the demand for the site. The consumer 
surplus value is calculated for the number of trips per capita taken 
from the origin. The fact that trips per capita will always be less 
than or equal to the number of trips from an origin, contributes to a 
great amount of the discrepancy between the two resource values. 
Table 5 shows the number of trips and trips per capita that were 
taken from each origin visiting site 19. Column 2 contains the round 
trip distance from the origins to Starvation. Column 3 contains the 
observed number of trips taken from each origin to site 19. In column 
4 are the observed trips per capita from each origin. 
As the number of trips from an origin increases, the discrepancy 
between economic rent and consumer surplus will also increase. For 
example, Salt Lake City took 37 trips to Starvation, but only 0.0833 
trips per capita (Table 5, columns 3 and 4). The economic rent value 
for Salt Lake City is $1,613.00 (Table 4, column 2), but the consumer 
surplus value is only $9.74 (Table 4, column 3). Although Salt Lake 
City is one of the more distant origins, it has the largest economic 
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rent value because, due to its large population, more trips were observed 
from the origin. Usually, the trips per capita decline as distance from 
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Table 5. Number of trips and trips per capita for the origing visiting 
site 19, Starvation, Utah, 1973. 
Origin 
Roosevelt 
Park City 
Pleasant Grove 
Provo 
American Fork 
Mapleton 
Salt Lake City 
Sandy 
Midvale 
Mt. Pleasant 
Murray 
Magna 
Woods Cross 
Farmington 
Layton 
Riverton 
Clearfield 
Roy 
Ogden 
West Jordan 
Monroe 
Logan 
Kanosh 
Cedar City 
St. George 
Mileage 
(Round 
Trip) 
66 
202 
202 
206 
208 
226 
250 
252 
256 
260 
264 
270 
278 
282 
292 
304 
306 
310 
320 
324 
384 
410 
454 
586 
686 
Number 
of 
Trips 
1 
1 
2 
3 
1 
1 
37 
2 
3 
1 
6 
4 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
Trips Per 
Questionnaire 
Returned 
0.3333 
0.5000 
0.1538 
0.0612 
0.0833 
0.2500 
0.0833 
0 . 0714 
0.2000 
0.5000 
0.1875 
0.2667 
0.2500 
0.2000 
0.0370 
0.3333 
0.0435 
0.0385 
0.0126 
0.3333 
0.2500 
0.0323 
1.0000 
0.0833 
0.0714 
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the site increases, but the observed number of trips may increase because 
of large population centers as in the case of Salt Lake City. The 
increase in the observed number of trips taken from a more distant origin, 
due to a large population center, increases the economic rent value of 
the origin relative to other origins, while the consumer surplus values 
per origin are declining. Therefore, the discrepancy between economic 
rent and consumer surplus increases as the observed number of trips 
increases. 
Another factor that contributes to the difference between economic 
rent and consumer surplus is the negative slope of the demand function . 
The average individual demand estimate for a site shows the marginal 
value to the recreationist of an additional trip to the site. As more 
trips are taken, the marginal value declines until the recreationist 
consumes enough trips to equate marginal value and marginal expenditure. 
Therefore, the demand function dictates that origins living closer to 
the site will consume more trips per capita and as a result receive more 
consumer surplus. In the economic rent methodology, the rent is constant 
for every trip from an origin to the site. The number of trips taken 
from the origin is assumed to reflect the diminishing marginal value of 
an additional trip. Consequently, as additional trips are taken from an. 
origin to a site the marginal value declines, thereby decreasing the 
consumer surplus received by the recreationist, yet the economic rent 
remains constant. Thus, for a given number of trips, the discrepancy 
between economic rent and consumer surplus increases because the consumer 
surplus declines as additional trips are taken, whereas the economic rent 
remains constant per trip. 
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The above two factors are the basic reasons why economic rent will 
always exceed or equal basic consumer surplus. They are also the 
reasons why the amount that economic rent exceeds consumer surplus is not 
constant for all origins visiting a site. Since the number of trips 
from an origin to a site varies, the amount that economic rent exceeds 
consumer surplus will also vary. In addition, the more inelastic the 
demand function, the greater the decline in the marginal value for an 
additional trip, thus increasing the amount that economic rent exceeds 
consumer surplus for a given number of trips. 
The ratio of economic rent to consumer surplus, K .. , gives an 
1J 
indication of how much economic rent exceeds consumer surplus for an 
origin visiting a site. For Roosevelt, the economic rent value exceeds 
the linear consumer surplus value by a factor of 4.4034 ($62.00 + $14.08). 
The factor for Salt Lake City is 165.6057 ($1,613.00 + $9.74). The 
graphic interpretation of the results of this stage of analysis were 
presented in Figure 5. 
Stage II revealed the importance the respective projection factors 
have upon the total projected number of trips from an origin to a site 
in the two methodologies. The projection factor in the economic rent 
model is 21.793. The data necessary for calculating the total projected 
number of trips from the various origins to site 19 in the consumer 
surplus model are presented in Table 6. Column 1 shows the various 
origins visiting site 19. Column 2 contains the number of trips taken 
from each origin to Starvation. Column 3 shows the number of returns 
from each origin. In column 4 are the total registered boaters in each 
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Table 6. Total number of registered boaters and questionnaires returned 
for the various origins visiting site 19, Starvation, Utah, 
1973. 
Origin 
Roosevelt 
Park City 
Pleasant Grove 
Provo 
American Fork 
Mapleton 
Salt Lake City 
Sandy 
Midvale 
Mt. Pleasant 
Murray 
Magna 
Woods Cross 
Farmington 
Layton 
Riverton 
Clearfield 
Roy 
Ogden 
West Jordan 
Monroe 
Logan 
Kanosh 
Cedar City 
St. George 
Number 
of 
Trips 
1 
1 
2 
3 
1 
1 
37 
2 
3 
1 
6 
4 
1 
1 
1 
1 
1 
1 
2 
2 
1 
1 
1 
1 
1 
Number of 
Questionnaires 
Returned 
3 
2 
13 
49 
12 
4 
444 
28 
15 
2 
32 
15 
4 
5 
27 
3 
23 
26 
159 
6 
4 
31 
1 
12 
14 
Total 
Registered 
Boaters 
116 
44 
280 
1133 
349 
41 
9032 
787 
405 
42 
817 
232 
178 
114 
551 
194 
375 
549 
3128 
214 
54 
529 
14 
288 
206 
Boaters Per 
Returns 
38.667 
22.0 
21.539 
23.122 
29.083 
10.25 
20.342 
28.107 
27.0 
21.0 
25.531 
15.467 
44.5 
22.8 
20.407 
64.667 
16.304 
21.115 
19.673 
35.667 
13.5 
17.065 
14.0 
24.0 
14.714 
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origin. And, in column 5 is the total registered boaters over the number 
of questionnaires returned, which is calculated by dividing column 4 by 
column 3. 
The total projected number of trips in the economic rent model is 
calculated by multiplying the projection factor times the number of 
trips taken from an origin. In the case of Roosevelt, this would be 
21.793 trips (1 x 21.793). In the consumer surplus model, the total 
projected number of trips is computed by multiplying the trips per 
questionnaire returned by the total number of registered boaters. For 
Roosevelt, we have 38.667 (1 + 3 x 116). By comparing the projection 
factor for economic rent (21.793) with the similar projection factors 
for the various origins in the consumer surplus model (Table 6, column 5), 
we notice that in some instances the economic rent projection factor is 
less than the projection factor for origins in the consumer surplus. 
In some instances, the projection factors are almost equivalent and, in 
other cases, the economic rent projection factor exceeds the consumer 
surplus projection factor for origins. This relationship between the 
projection factors was proven in Appendix D. 
In Table 7 are the projected economic rent and consumer surplus 
values for the origins visiting site 19. Column 2 contains the projected 
economic rent values for the various origins. In column 3 are the pro-
jected linear consumer surplus values for the origins. The projected 
curvilinear consumer surplus values are in column 4. 
The effects of applying the respective projection factors to the 
resource values can be seen in Table 7. From Table 6, the projection . 
Table 7. The projected economic rent and consumer surplus values for 
the origins visiting site 19, Starvation, Utah, 1973. 
Origin 
Roosevelt 
Park City 
Pleasant Grove 
Provo 
American Fork 
Mapleton 
Salt Lake City 
Sandy 
Midvale 
Mt. Pleasant 
Murray 
Magna 
Woods Cross 
Farmington 
Layton 
Riverton 
Clearfield 
Roy 
Ogden 
West Jordan 
Monroe 
Logan 
Kanosh 
Cedar City 
St. George 
Total 
Projected 
Economic 
Rent 
$ 1,351 
1,046 
2,114 
3,138 
1,046 
1,002 
35,152 
1,896 
2,811 
937 
5,514 
3,618 
894 
872 
850 
828 
828 
828 
1,591 
1,569 
654 
610 
501 
218 
° $69,868 
Projected 
Surplus 
(Linear) 
$ 1,633 
478 
3,041 
12,202 
3,741 
422 
87,972 
7,634 
3,888 
399 
7,696 
2,153 
1,620 
1,026 
4,832 
1,649 
3,169 
4,590 
25,430 
1,721 
360 
3,216 
71 
625 
° $179,568 
Projected 
Surplus 
(Curvilinear) 
$ 1,042 
266 
1,691 
6,764 
2,070 
231 
47,418 
4,100 
2,086 
214 
4,110 
1,146 
858 
543 
2,540 
861 
1,654 
2,388 
13,169 
890 
181 
1,603 
35 
294 
° $96,154 
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factor for economic rent is less than the similar projection factor in 
consumer surplus for Park City, Provo, and West Jordan (column 5). Yet, 
the projected values for economic rent and consumer surplus have differing 
relationships . In the case of Park City, although the economic rent 
project factor is less than the consumer surplus projection factor 
(21.793 < 22), the projected economic rent value exceeds the projected 
consumer surplus values (Table 7). The amount that economic rent exceeded 
consumer surplus for Park City was great enough to compensate for the 
increase in consumer surplus due to a greater number of total projected 
trips. The economic rent value for Provo was not sufficient to compensate 
for the effect of the projection factors, and therefore the projected 
economic rent value is less than the projected consumer surplus value 
($3,138 < $12,202). The resultant effect of projecting the consumer 
surplus and economic rent values for West Jordan is that the two projected 
resource values are almost equivalent. The projected economic rent value 
for West Jordan is $1,569, while the projected consumer surplus value is 
$1,721. 
For Mapleton, the economic rent projection factor is greater than 
the similar projection factor in consumer surplus (Table 5). The pro-
jected economic rent value exceeds the projected consumer surplus values 
as was pointed out in the mathematical comparison. The projected economic 
rent value for Mapleton is $1,002. The projected consumer surplus values 
are $22 and $231 for the linear and curvilinear demand estimates, res-
pectively. 
The seeming contradiction, to the mathematical proof developed in 
Stage II, or origins such as Salt Lake City, the projection factor for 
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economic rent exceeds the similar projection for consumer surplus, but 
the projected economic rent value is less than the projected consumer 
surplus value, is due to the calculation procedures utilized to compute 
economic rent and consumer surplus. The economic rent model uses the 
observed number of trips from an origin and the travel costs to compute 
the economic rent value. The consumer surplus model uses the travel 
costs and the trips per capita as defined by the demand estimate to cal-
cu1ate the consumer surplus value. By calculating the trips per capita 
from the demand estimate, a greater number of trips may be calculated than 
was actually observed. When the projection factor for consumer surplus 
is applied to the consumer surplus value, the total projected trips would 
be overestimated compared to the total projected trips utilized in the 
economic rent model. This overestimation of the projected number of 
trips is enough to expand the projected consumer surplus value to exceed 
h "d i 1 i h f S 1 L k C" 6 t e proJecte econom c rent va ue as n t e case 0 a t a e lty. 
6For Salt Lake City, the observed number of trips taken to Starvation 
was 37 (Table 5). The number of questionnaires returned was 444 (Table 6). 
Given the travel costs from Salt Lake City to Starvation, $25.00, and the 
linear demand estimate for Starvation: 
Ql9 = 0.2422 - 0.0004 P, 
the number of trips per capita for Salt Lake City as defined by the demand 
estimate is calculated as follows: 
Ti" ~ = Q19($25.00) = 0.2422 - 0.0004 ($25.00) 
= 0.2422 - 0.01 = 0.2322 
Consequently, Tij = (0.2322)(444) = 103. Thus, the number of trips taken 
from Salt Lake City to Starvation, according to the demand estimate, is 
103 which is exceedingly larger than the observed 37 trips. Since consumer 
surplus is calculated from the demand estimate, if the number of trips as 
defined by the demand estimates was used to calculate economic rent, then 
the two resource values would be calculated on a similar basis. In this 
case, the economic rent would be: 
($68.60 - $25.00)(103)(21.793) = ($43.6)(103)(21.793) 
=($4,491)(21.793) = $97,872 
This projected rent value is greater than the projected consumer surplus 
value for Salt Lake City of $87,972. 
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Therefore, Salt Lake City and other similar cases are not counter-
examples to the proof developed in Stage II of the mathematical section, 
but are due to differences in the utilization of empirical data in the 
two calculation procedures. If the economic rent values were based 
upon the computed number of trips from the origin as defined by the 
demand estimate, as the consumer surplus values are, the seeming contra-
diction between the projected resource values would not exist. The 
conclusions of Stage II in the mathematical section are still valid, the 
empirical data is just not sophisticated enough to substantiate the 
conclusions through empirical observation. 
The final effect of applying the respective projection factors 
upon economic rent and consumer surplus creates no unique relation-
ship between the two projected resource values. As shown in Table 7, 
some origins have projected economic rent values in excess of the pro-
jected consumer surplus values, some are approximately equal, and for 
some origins, the projected consumer surplus value exceeds the projec-
ted economic rent value. The lack of a unique relationship between 
projected economic rent and projected consumer surplus not only creates 
a problem for determining the interrelation between economic rent and con-
sumer surplus for an origin, but also for determining the interrelation 
between economic rent and consumer surplus for a site. 
The total economic rent and consumer surplus for a site is the 
summation of the individual projected values of the various origins 
visiting the site. The total economic rent and consumer surplus values 
for site 19 are presented in Table 7. The total economic rent for Star-
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vation is $69,868. The total consumer surplus values are $179,568 and 
$96,154, for the linear and curvilinear demand estimates, respectively. 
A summary of the total economic rent and total consumer surplus 
values for the 24 boating sites in Utah is presented in Table 8. Column 
2 in Table 8 presents the projected total economic rent for the 24 sites. 
The total economic rent for Bear Lake is $222,528 and the total economic 
rent for all 24 sites is $1,009,407. Column 3 contains the total con-
, 
sumer surplus values based upon linear demand estimates. The total 
consumer surplus for Bear Lake is $133,781 and the total consumer 
surplus for all 24 sites using the linear demand estimates is $1,045,768. 
In column 4 are the total consumer surplus values based upon the curvi-
linear demand estimates. Bear Lake has $129,577 in total consumer sur-
plus, and the total consumer surplus value for all 24 sites with the 
curvilinear demand estimates is $704,308. 
Just as in the case of projected economic rent and consumer sur-
plus for an origin, there is no unique relationship between the total 
economic rent and total consumer surplus values for a site (Table 8). 
Since the projected economic rent per origin can be greater than, equal 
to, or less than the projected consumer surplus, the summation of the 
projected resource values per origin to obtain the total site value will 
also reflect this inconsistent relationship depending upon which resource 
value dominates for the origins visiting the site. For some sites, such 
as Bear Lake and Flaming Gorge, the total economic rent exceeds the total 
consumer surplus. For Twin Lakes and Pelican, the total resource values 
for the sites are almost equivalent. And for sites such as Big Sands Wash 
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Table 8. Total economic rent and total consumer surplus values for 
24 boating sites in Utah, 1973. 
Boating Site 
Bear Lake 
Big Sands Wash 
East Canyon Lake 
Fish Lake 
Flaming Gorge 
Huntington Lake 
Hyrum State Park 
Joe's Valley 
Johnson 
Koosharem 
Mantua 
Navajo 
Otter Creek 
Palisades State Park 
Panquitch 
Pineview 
Rockport 
Scofield 
Starvation 
Strawberry 
Willard Bay 
Yuba State Park 
Twin Lakes, Idaho 
Pelican 
Total 
Projected 
Total Rent 
Per Origin 
$ 222,528 
4,947 
9,329 
13,883 
303,049 
4,119 
6,865 
3,858 
2,660 
5,253 
1,111 
11,353 
22,578 
3,661 
2,528 
49,778 
78,869 
24,997 
69,868 
101,947 
55,112 
7,409 
1,940 
1,765 
$1,009,407 
Total Surplus 
Value 
(Linear) 
$ 133,781 
65,275 
9,003 
28,567 
192,471 
3,641 
3,436 
4,137 
1,605 
3,972 
1,447 
6,791 
16,495 
3,230 
1,782 
33,412 
92,726 
60,354 
179,568 
151,166 
45,557 
3,615 
1,963 
1,774 
$1,045,768 
Total Surplus 
Value 
(Curvilinear) 
$129,577 
12,196 
7,126 
16,238 
213,212 
930 
2,269 
2,233 
1,035 
1,894 
466 
1,759 
8,533 
1,016 
1,556 
23,147 
38,716 
31,073 
96,154 
69,677 
40,280 
3,113 
631 
1,477 
$704,308 
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and Fish Lake, the total consumer surplus values exceed the total economic 
rent value. 
In the process of determining the total economic rent and total 
consumer surplus values for a site, each step in the process contributes 
to the lack of a unique relationship between the two resource valuation 
methodologies. The basic economic rent exceeds the basic consumer 
surplus for all origins visiting a site, but the amount that rent exceeds 
surplus is not constant for all origins due to the difference in the 
assumptions concerning the use of trips and trips per capita and the 
concept of constant economic rent per trip. The projection factors further 
complicate the comparison between the projected economic rent and the 
projected consumer surplus, as shown previously. Finally, the total 
site values are not uniquely related because the summation of the 
projected origin values, which are inconsistently related, does not 
yield a consistent relationship. Consequently, no firm conclusions 
can be drawn with respect to a consistent relationship of consumer 
surplus and economic rent. 
The data used to calculate the economic rent and consumer surplus 
values and the respective demand estimates can be found in Appendix A 
along with the economic rent and consumer surplus estimates for the 
24 boating sites in Utah. 
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SUMMARY 
The primary objective of this study was to make empirical estimates 
of economic rent and consumer surplus values for boating recreation 
sites in Utah. A secondary objective was to compare the economic rent 
and consumer surplus methodologies using a mathematical and empirical 
comparison to determine the relationship between the two methodologies. 
The theoretical models incorporate the relationship existing bet-
ween the variable use costs associated with various origins, sites, and 
units of activity. The rent model is based upon the logic of economic 
rent and is consistent with the methodology advanced by Wennergren and 
Fullerton (1972). The surplus model is based upon the logic of con-
sumer surplus and is consistent with the methodology advanced by 
Hotelling (1949). Both methodologies enable the calculation of resouce 
values relative to the most distant user of the site. 
Data was collected from a total of 9,491 questionnaires mailed to 
a sample of Utah boaters drawn randomly from a master list of approxi-
mately 31,500 registered boats in 1973. A total of 1,408 questionnaires 
(14.8 percent) were returned and used in the study. Data were gathered 
from the questionnaire with respect to boater origin, sites visited, 
number of trips taken and other trip expenses. Using this information, 
together with standardized distances, an assumed variable cost of travel 
($.10 per mile), estimates of consumer surplus and economic rent were 
made for 24 boating sites in Utah. The total economic rent value of 
boating recreation for the 24 sites in Utah was found to be $1,009,407. 
The total consumer surplus value based upon linear demand estimates is 
$lt04S,768. The total consumer surplus value based upon curvilinear 
demand estimates is $704,308. 
The sites visited by more distant origins generated the highest 
total resource values. Boating site 5, Flaming Gorget had the highest 
total economic rent and total consumer surpluses representing 30 per-
cent of the total economic rent fo r the 24 sites, 18 percent of the 
total consumer surplus based upon linear demand estimates, and 30 
percent of the consumer surplus based upon curvilinear demand esti-
mates. The lowest total resource value was found at site 11, Mantua, 
which accounted for 0.11 percent of the total economic rent for the 
24 sites, 0.11 percent of the total linear consumer surplus, and 0.07 
percent of the total curvilinear consumer surplus. 
The comparison and analysis of economic rent and consumer surplus 
was undertaken on a theoretical basis through the use of a common 
mathematical model. The theoretical common model incorporated the 
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logic and notation of both the economic rent and consumer surplus 
models. The common model is consistent with the methodologies of the 
two resource valuation techniques. An empirical comparison was utilized 
to aid in the understanding of the conclusions arrived at in the 
mathematical comparison and to substantiate the conclusions through 
empirical observation. 
Three stages t or levels, in the calculation procedure were con-
sidered in the comparison and analysis of the ·two methodologies. The 
first stage compared the basic economic rent and basic consumer surplus 
values for an origin visiting a site. The second stage took into con-
sideration the effects of the respective projection factors upon the 
basic resource values in calculating the projected economic rent and 
consumer surplus values for an origin traveling to a site. The final 
state analyzed the relationship between the total economic rent and 
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the total consumer surplus values for the site in light of the findings 
of Stage one and two. 
In Stage one, it was found that the basic economic rent value will 
exceed the basic consumer surplus value for all origins visiting a 
site. The reason for this relationship is because the economic rent 
model uses the number of trips taken from an origin to the site, while 
the consumer surplus model uses the number of trips per capita in 
calculating the basic resource values, and the number of trips will 
always exceed the number of trips per capita. Another reason for this 
relationship is that the economic rent is constant for every trip taken, 
whereas the consumer surplus declines as additional trips per capita 
from the origin are consumed. Since basic economic rent exceeds basic 
consumer surplus, the rent can be expressed as a multiple of the sur-
plus. The magnitude of the multiple will vary among the origins visit-
ing a site and among the sites because the number of trips and trips 
per capita varies among the origins visiting a site, and the elasticity 
of the demand estimate varies among the sites. 
In Stage two, it was found that there was no consistent relation-
ship between the projection factor for economic rent and the similar 
projection factor for consumer surplus. The projection factor for 
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economic rent could be greater than, equal to, or less than the similar 
projection factor for consumer surplus depending upon the relevant 
data. Since the projection factors determine the total expected number 
of trips that would be taken from an origin, the inconsistent relation-
ship between the projection factors creates an analogous relationship 
between the projected economic rent value and the projected consumer 
surplus value. Depending upon the relationship between the relevant 
projection factors, the projected economic rent value for an origin 
visiting a site could be greater than, equal to, or less than the 
projected consumer surplus value for the origin. 
In Stage three, it was found that there was consistent relation-
ship between the total economic rent and total consumer surplus values 
for a site. The total site value is the summation of the projected 
origin values for those origins visiting the site. Since the relation-
ship between the projected origin values is inconsistent, the relation-
ship between the total resource values for the site will be inconsistent. 
The empirical comparison analyzed the economic rent and consumer 
surplus values for 24 boating sites in Utah. The analysis followed 
the reasoning employed in Stages one, two, and three of the mathematical 
comparison. The empirical observations substantiated the findings of 
the mathematical comparison. 
CONCLUSION AND RECOMMENDATION FOR FURTHER STUDY 
The consumer surplus methodology is a realistic and consistent 
method of resource valuation and is the most widely accepted tech-
nique for valuing nonmarket priced resources. The consumer surplus 
estimates of resource value represents one way to translate user 
preferences into resource valuation. The procedure establishes a 
value that is additional to the costs of use. 
The economic rent methodology is an alternative method of 
resource valuation. The economic rent estimates are similar to the 
consumer surplus estimates in that they also establish a value that 
is additional to the cost of use. 
The variations between the economic rent and consumer surplus 
methodologies can be explained by variations in the concepts and 
calculation techniques of the two models. Most of the conceptual 
variations are revealed and explained in the analysis of the cal-
culation procedures. The common theoretical model makes it possible 
to interpret and measure the effects to the resource value of the 
stages involved in the calculation procedure. These stages reflect 
the variations in the use of data in the calculation procedure and 
the assumptions between the two methodologies. 
Certain variables are more important than others as they con-
tribute to the majority of the variation. The identification of these 
variables and their influence upon the resource value will assist in 
understanding the differences and problems of resource valuation 
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techniques. A broader understanding of these variables may lead to 
improved uniformity in the valuation procedures and to a better under-
standing of the interpretation of the results. The obvious areas 
needing further research are: 
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1. Analyze the use of trips per capita in the economic rent model 
to determine the effect of standardizing the number of trips taken from 
an origin to a site. 
2. Refine the definition of economic rent as the assumption of 
constant rent per trips is one of the important variables contributing 
to an inconsistent relationship between economic rent and consumer 
surplus. 
3. Determine the effects of changing the economic rent projection 
factor to reflect differences in populations and sampling among origins. 
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APPENDIXES 
APPENDIX A 
Estimates of annual consumer 
surplus and economic rent values for 
24 boating sites in Utah, 1973. 
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Table 9. Estimates of annual consumer-surplus and economic rent for 
24 boating sites in Utah, 1973. 
Origin 
Site 1 - Bear Lake 
Brigham 
Clearfield 
Logan 
Ogden 
St. George 
Salt Lake City 
Smithfield 
Springville 
Tremonton 
Farmington 
Syracuse 
Bountiful 
Sandy 
Layton 
Murray 
Garden City 
Hooper 
Magna 
Total 
Site 2 - Big Sands 
Duchesne 
Roosevelt 
Saint George 
Salt Lake City 
Total 
Projected 
Total Rent 
Per Origin 
State Park 
$ 3,182 
20,594 
19,919 
28,571 
0 
115,590 
1,678 
1,133 
3,182 
1,438 
1,460 
5,623 
2,593 
7,170 
2,637 
3,661 
1,482 
2,615 
$222,528 
Wash State Park 
$ 1,242 
2,746 
° 959 
$ 4,947 
Total Linear 
Surplus Value 
Per Origin 
$ 5,972 
3,101 
5.983 
27,401 
0 
60,514 
1,123 
1,317 
1,055 
888 
619 
8,410 
4,612 
4,259 
5,057 
1,466 
607 
1,397 
$133,781 
$ 1,235 
1,719 
° 62,321 
$ 65,275 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 5,242 
2,873 
5,179 
24,930 
0 
60,605 
971 
1,702 
926 
839 
579 
8,145 
4,895 
4,039 
5,237 
1,392 
559 
1,464 
$129,577 
$ 263 
463 
° 11,470 
$ 12,196 
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Table 9. Continued 
Origin 
Site 3 - East Cayon 
Morgan 
Ogden 
Salt Lake City 
Tooele 
Bountiful 
Sandy 
Layton 
Murray 
Total 
Projected 
Total Rent 
Per Origin 
Lake State 
$ 218 
240 
7,105 
0 
414 
545 
567 
240 
$ 9,329 
Park 
Total Linear 
Surplus Value 
Per Origin 
$ 124 
1,564 
5,871 
0 
461 
331 
268 
384 
$ 9,003 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 100 
1,251 
4,606 
0 
380 
259 
220 
310 
$ 7,126 
----------------------------------------------------------------------
Site 4 - Fish Lake 
American Fork $ 523 $ 670 $ 370 
Gunnison 262 71 39 
Orem 1,460 2,491 1,359 
Provo 392 3,490 1,903 
Richfield 5,797 2,621 1,794 
Roosevelt 0 0 0 
Saint George 131 179 103 
Salt Lake City 588 12,103 6,774 
Santaquin 501 217 120 
Springville 828 1,136 623 
Kearns 196 477 268 
Sandy 501 1,424 787 
Monroe 785 433 281 
Layton 109 413 237 
Murray 458 1,299 719 
Magna 153 232 132 
Nephi 588 444 252 
Dragerton 262 81 45 
Cedar City 349 786 432 
Total $ 13,883 $ 28,567 $ 16,238 
----------------------------------------------------------------------
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Table 9. Continued 
Origin 
Projected 
Total Rent 
Per Origin 
Site 5 - Flaming Gorge 
American Fork $ 3,422 
Brigham 3,225 
Clearfield 10,308 
Eureka 1,002 
Logan 697 
Morgan 1,961 
Ogden 35,021 
Orem 1,177 
Price 1,286 
Provo 1,133 
Roosevelt 1,700 
Roy 18,851 
Saint George 87 
Salt Lake City 113,389 
Vernal 5,579 
Pleasant Grove 2,288 
Syracuse 915 
Bountiful 16,279 
Kearns 3,966 
Sandy 3,966 
Midvale 3,923 
Monroe 763 
Grand Junction Mesa 1,220 
Dutch John 44,305 
Sunset 915 
Layton 7,344 
Murray 3,095 
West Jordan 4,685 
Magna 1,002 
Rock Springs 8,260 
Nephi 806 
Gunlock 
° Kanosh 479 
Total $303,049 
Total Linear 
Surplus Value 
Per Origin 
$ 3,898 
2,111 
1,680 
213 
1,053 
728 
9,728 
10,522 
4,626 
12,792 
3,922 
2,438 
328 
74,514 
15,577 
3,161 
424 
9,124 
2,520 
5,698 
2,847 
156 
182 
1,967 
1,040 
2,044 
6,740 
1,297 
1,752 
9,075 
311 
° 3 
$192,471 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 3,699 
4,151 
2,820 
260 
3,132 
904 
20,989 
9,555 
3,633 
12,066 
2,216 
4,118 
152 
84,630 
8,414 
2,982 
621 
10,621 
3,101 
7,012 
3,568 
354 
152 
1,135 
1,588 
3,901 
7,655 
1,785 
2,100 
5,248 
595 
° 55 
$213,212 
----------------------------------------------------------------------
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Table 9. Continued 
Origin 
Site 6 - Huntington 
Huntington 
Ogden 
Price 
Bountiful 
Sandy 
Cast1eda1e 
Total 
Projected 
Total Rent 
Per Origin 
Lake State 
$ 1,547 
0 
676 
218 
218 
1,460 
$ 4,119 
Park 
Total Linear 
Surplus Value 
Per Origin 
$ 633 
0 
2,523 
35 
142 
308 
$ 3,641 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 178 
0 
413 
115 
165 
59 
$ 930 
----------------------------------------------------------------------
Site 7 - Hlrum State Park 
Brigham $ 1,787 $ 1,091 $ 516 
Clearfield 894 248 120 
Logan 3,792 1,317 815 
Salt Lake City 174 542 632 
Bountiful 196 230 161 
Sandy 0 0 0 
Murray 22 8 25 
Total $ 6,865 $ 3,436 $ 2,269 
----------------------------------------------------------------------
Site 8 - Joe's Vallel 
Price $ 1,199 $ 3,033 $ 735 
Salt Lake City 65 271 994 
Farmington 
° 
0 0 
Sandy 131 220 173 
Murray 109 114 139 
Castleda1e 2,201 476 179 
Dragerton 153 23 13 
Total $ 3,858 $ 4,137 $ 2,233 
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Table 9. Continued 
Origin 
Site 9 - Johnson 
Orem 
Provo 
Richfield 
Salina 
Murray 
Total 
Projected 
Total Rent 
Per Origin 
$ 131 
153 
1,199 
1,177 
0 
$ 2,660 
Total Linear 
Surplus Value 
Per Origin 
$ 96 
193 
1,045 
271 
0 
$ 1,605 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 131 
204 
559 
141 
0 
$ 1,035 
----------------------------------------------------------------------
Site 10 - Koosharem 
Richfield $ 632 
Salina 2,245 
Bicknell 610 
Sandy 0 
Monroe 676 
Aurora 1,090 
Total $ 5,253 
Site 11 - Mantua 
Brigham $ 719 
Ogden 305 
Salt Lake City 0 
Layton 87 
Total $ 1,111 
$ 2,570 
563 
204 
0 
513 
122 
$ 3,972 
$ 629 
813 
0 
5 
$ 1,447 
$ 1,226 
257 
95 
0 
260 
56 
$ 1,894 
$ 231 
219 
o 
16 
$ 466 
----------------------------------------------------------------------
Site 12 - Navajo 
Cedar City $ 6,908 $ 2,863 $ 858 
Panquitch 1,133 2,001 517 
Parawan 1,068 487 100 
Provo 196 68 68 
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Table 9. Continued 
Origin 
Site 12 - Continued 
Saint George 
Salt Lake City 
Summit 
Total 
Projected 
Total Rent 
Per Origin 
937 
o 
1,111 
$ 11,353 
Total Linear 
Surplus Value 
Per Origin 
1,263 
o 
109 
$ 6,791 
Total Curvilinear 
Surplus Value 
Per Origin 
190 
o 
26 
$ 1,759 
----------------------------------------------------------------------
Site 13 - Otter Creek 
Beaver $ 
Cedar City 
Eureka 
Orem 
Panquitch 
Provo 
Richfield 
Saint George 
Salina 
Salt Lake City 
Santaquin 
Springville 
Bicknell 
Bountiful 
Midvale 
Monroe 
Murray 
Nephi 
Antimony 
Aurora 
828 
567 
240 
218 
719 
240 
5,928 
479 
654 
174 
349 
262 
741 
° 283 
4,707 
65 
1,286 
2,920 
1,918 
Total $ 22,578 
Site 14 - Palisade State 
Lehi $ 
Richfield 
Tooele 
Centerfield 
Park 
196 
458 
o 
3,007 
Total $ 3,661 
$ 1,146 
2,269 
22 
418 
2,826 
804 
4,313 
155 
903 
1,084 
108 
315 
376 
o 
8 
879 
33 
323 
320 
193 
$ 16,495 
$ 47 
2,945 
o 
238 
$ 3,230 
$ 415 
827 
25 
645 
956 
963 
1,465 
179 
308 
1,174 
68 
315 
128 
° 117 
306 
188 
153 
234 
67 
$ 8,533 
$ 121 
815 
o 
80 
$ 1,016 
----------------------------------------------------------------------
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Table 9. Continued 
Origin 
Site 15 - Panguitch 
Cedar City 
Panquitch 
Richfield 
Saint George 
Total 
Projected 
Total Rent 
Per Origin 
$ 632 
1,547 
349 
° 
$ 2,528 
Total Linear 
Surplus Value 
Per Origin 
$ 392 
1,079 
311 
° 
$ 1,782 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 357 
899 
300 
° 
$ 1,556 
----------------------------------------------------------------------
Site 16 - Pineview 
Clearfield $ 6,037 $ 1,526 $ 971 
Morgan 349 198 128 
Ogden 32,036 16,922 11,793 
Roy 3,269 2,410 1,554 
Salt Lake City 3,923 8,038 5,780 
Farmington 131 288 181 
Bountiful 2,070 2,108 1,371 
Kearns 44 28 28 
Sandy 44 63 63 
Midvale 
° ° ° Sunset 959 865 558 
Murray 44 327 261 
Hooper 567 316 204 
Magna 65 53 46 
Riverdale 240 270 209 
Total $ 49,778 $ 33,412 $ 23,147 
----------------------------------------------------------------------
Site 17 - RockEort State Park 
Cedar City $ 
° 
$ 0 $ 
° Cleafield 981 1,823 761 
Kamas 1,177 205 89 
Ogden 1,961 15,202 6,350 
Salt Lake City 66,164 54,463 22,761 
Bountiful 1,068 6,440 2,673 
Sandy 2,201 4,714 1,968 
Midvale 2,179 2,390 996 
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Table 9. Continued 
Origin 
Site 17 - Continued 
Layton 
Murray 
Total 
Projected 
Total Rent 
Per Origin 
$ 1,002 
2,136 
$ 78,869 
Total Linear 
Surplus Value 
Per Origin 
$ 2,816 
4,673 
$ 92,726 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 1,174 
1,944 
$ 38,716 
----------------------------------------------------------------------
Site 18 - Scofield State Park 
American Fork $ 523 $ 1,961 $ 928 
Helper 894 1,399 762 
Orem 1,678 5,461 2,535 
Panquitch 
° ° 
0 
Price 8,630 4,251 2,192 
Provo 588 7,874 3,614 
Salt Lake City 2,768 28,722 15,716 
Spanish Fork 3,770 2,502 1,137 
Springville 610 2,533 1,152 
Tooele 567 626 424 
Sunnyside 741 194 89 
Kearns 392 1,131 612 
Sandy 458 3,242 1,645 
Woods Cross 327 411 247 
Columbia 2,920 42 19 
Kanosh 131 5 6 
Total $ 24,997 $ 60,354 $ 31,073 
----------------------------------------------------------------------
Site 19 - Starvation 
American Fork $ 1,046 $ 3,741 $ 2,070 
Clearfield 828 3,169 1,654 
Logan 610 3,216 1,603 
Mt. Pleasant 937 399 214 
Ogden 1,591 25,430 13,169 
Park City 1,046 478 266 
Provo 3,138 12,202 6,764 
Roosevelt 1,351 1,633 1,042 
Roy 828 4,590 2,388 
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Table 9. Continued 
Origin 
Site 19 - Continued 
Saint George 
Salt Lake City 
Farmington 
Pleasant Grove 
Sandy 
Woods Cross 
Midvale 
Monroe 
Layton 
Murray 
Mapleton 
West Jordan 
Riverton 
Magna 
Kanosh 
Cedar City 
Total 
Projected 
Total Rent 
Per Origin 
$ 0 
35,152 
872 
2,114 
1,896 
894 
2,811 
654 
850 
5,514 
1,002 
1,569 
828 
3,618 
501 
218 
$ 69,868 
Total Linear 
Surplus Value 
Per Origin 
$ 0 
87,972 
1,026 
3,041 
7,634 
1,620 
3,888 
360 
4,832 
7,696 
422 
1,721 
1,649 
2,153 
71 
625 
$179,568 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 
° 47,418 
543 
1,691 
4,100 
858 
2,086 
181 
2,540 
4,110 
231 
890 
861 
1,146 
35 
294 
$ 96,154 
----------------------------------------------------------------------
Site 20 - Strawberry 
American Fork $ 3,487 $ 3,329 $ 1,742 
Clearfield 283 1,864 739 
Duchesne 567 1,129 682 
Eureka 305 154 62 
Grantsville 283 254 100 
Lehi 2, 1~41 1,567 806 
Mount Pleasant 523 184 71 
Ogden 262 13,669 5,286 
Orem 13,817 9,058 5,121 
Park City 1,046 448 248 
Payson 1,264 1,805 827 
Provo 11,027 10,922 5,767 
Richfield 0 
° ° Salt Lake City 45,133 68,463 31,160 
Santaquin 414 387 176 
Spanish Fork 1,351 2,734 1,320 
Springville 2,375 3,018 1,514 
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Table 9. Continued 
Origin 
Site 20 - Continued 
Tooele 
Farmington 
Pleasant Grove 
Bountiful 
Kearns 
Sandy 
Midvale 
Murray 
West Jordan 
Magna 
Taylorville 
Nephi 
Total 
Projected 
Total Rent 
Per Origin 
$ 1,743 
697 
4,119 
741 
1,068 
719 
697 
1,155 
2,027 
2,964 
785 
654 
$101,947 
Total Linear 
Surplus Value 
Per Origin 
$ 1,864 
690 
2,792 
7,615 
2,203 
4,982 
2,487 
5,637 
1,581 
1,534 
319 
477 
$151,166 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 739 
288 
1,515 
3,272 
933 
2,109 
1,045 
2,467 
710 
659 
123 
196 
$ 69,677 
----------------------------------------------------------------------
Site 21 - Willard Bay State Park 
Brigham $ 2,332 $ 2,585 $ 2,206 
Clearfield 1,722 1,335 1,114 
Heber 0 
° 
0 
Morgan 283 249 216 
Ogden 23,122 13,138 11,073 
Roy 3,879 2,042 1,702 
Salt Lake City 10,657 16,167 14,903 
Tooele 87 143 188 
Farmington 305 324 274 
Syracuse 305 235 197 
Bountiful 5,143 2,742 2,385 
Kearns 196 494 480 
Sandy 981 1,118 1,086 
Sunset 1,024 688 571 
Layton 1,329 1,840 1,532 
Murray 610 1,201 1,160 
Hill AFB 1,391 263 227 
Hooper 719 279 233 
West Jordan 174 244 250 
Riverton 283 173 188 
Magna 370 297 295 
Total $ 55,112 $ 45,557 $ 40,280 
----------------------------------------------------------------------
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Table 9. Continued 
Origin 
Site 22 - Yuba State 
Ogden 
Orem 
Richfield 
Salina 
Salt Lake City 
Sandy 
Midvale 
Holden 
Fountain Green 
Total 
Projected 
Total Rent 
Per Origin 
Park 
$ 0 
654 
2,114 
1,002 
1,678 
697 
218 
567 
479 
$ 7,409 
Total Linear 
Surplus Value 
Per Origin 
$ 0 
1,115 
779 
327 
994 
150 
174 
21 
55 
$ 3,615 
Total Curvilinear 
Surplus Value 
Per Origin 
$ 0 
531 
344 
175 
1,716 
173 
130 
16 
28 
$ 3,113 
----------------------------------------------------------------------
Site 23 - Twin Lakes, Idaho 
Brigham $ 305 
Logan 1,199 
Ogden 0 
Lewiston 283 
Hyrum 153 
Total $ 1,940 
$ 397 
1,412 
0 
59 
95 
$ 1,963 
$ 107 
460 
o 
36 
28 
$ 631 
----------------------------------------------------------------------
Site 24 - Pelican 
Ogden $ 0 $ 0 $ 0 
Provo 501 249 193 
Salt Lake City 458 903 903 
Vernal 806 622 381 
Total $ 1,765 $ 1,774 $ 1,477 
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Table 10. Linear and curvilinear demand estimates for 24 boating 
sites in Utah, 1973. 
Boating Site 
Bear Lake 
Big Sands Wash 
East Canyon Lake 
Fish Lake 
Flaming Gorge 
Huntington Lake 
Hyrum State Park 
Joe's Valley 
Johnson 
Koosharem 
Mantua 
Navajo 
Otter Creek 
Palisades State Park 
Panquitch 
Pineview 
Rockport 
Scofield 
Starvation 
Strawberry 
Willard Bay 
Yuba State Park 
Twin Lakes, Idaho 
Pelican 
Linear 
Demand 
Estimate 
0.4318 - 0.0063 
0.5519 - 0.0082 
0.2089 - 0.0120 
0.3823 - 0.0055 
1.3982 - 0.0184 
0.7725 - 0.0242 
0.3593 - 0.0205 
1.1128 - 0.0306 
0.3598 - 0.0101 
0.5423 - 0.0131 
0.2727 - 0.0280 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
0.4853 - 0.0090 P 
1.3543 - 0.0329 P 
1.6873 - 0.0674 P 
0.3887 - 0.0111 P 
1.0300 - 0.0699 P 
0.2581 - 0.0043 P 
0.8712 - 0.0180 P 
0.2422 - 0.0004 P 
0.6506 - 0.0101 P 
0.4610 - 0.0199 P 
0.5755 - 0.0215 P 
0.7942 - 0.0376 P 
0.0934 - 0.0020 P 
Curvilinear 
Demand 
Estimate 
e 0.1368 p-0.6106 
e 1.9731 p-1.4435 
e-1.1108 p-0.6718 
e 1.3639 p-1.0283 
e 0.6893 p-0.5479 
e-0.0631 p-1.1058 
e 0.2909 p-1.3738 
e 2.5262 p-1.6329 
e 2.6368 p-1.8162 
e-0.1290 p-0.6758 
e-1.3014 p-1.5841 
e 3.2640 p-2.0641 
e 2.0826 p-1.2586 
e 0.7362 p-1.0137 
e-0.1466 p-0.6187 
0.6272 -0.9268 
e P 
e-1.0555 p-0.5982 
e 2.1979 p-1.2496 
e-0.3547 p-0.4654 
e 2.8369 p-1.4417 
e-0.3943 p-0.S471 
e 3.905 p-2.1266 
e 3.9074 p-2.4829 
e-1.0285 p-0.8902 
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APPENDIX B 
Mathematical proof that the consumer 
surplus values calculated from linear demand 
functions are equivalent irregardless of the 
integration technique 
100 
101 
The traditional method of computing the consumer surplus for origin 
i visiting site j is to define the demand function with price as a function 
b. 
of quantity (P. = - ~ Q + b.) and integrate the demand function from zero 
J a j J T .. 
to the trips per capita from origin i, R1J , to arrive at the total value 
i 
to the consumer for that number of trips per capita. The total cost of 
Tij 
these trips per capita, p.. R ,is subtracted from the total value 1J . 
1 
to compute the consumer surplus value to the recreationist. The consumer 
surplus value for origin i traveling to site j is represented as: 
Tij 
R. 
J 1 
o 
P. dQ - P.. . J 1J 
Since the highest cost origin is assumed to be the marginal origin, and 
therefore receive no consumer surplus, the surplus value attributed to 
it by the definition of the demand function must be subtracted from all 
intrarnarginal origins to arrive at the net consumer surplus for each 
origin i. Thus, the consumer surplus for origin i visiting site j is given 
by: 
Tij T ~ 
R. T .. R T 1 n 
J P. dQ - P .. . ~- [ J P. dQ - P . ~ ] 
0 J 1J R. 0 J nj R 1 n 
An alternate method used in this thesis is to define the demand 
a. 
function with quantity as a function of price (Q. = - ~ P + a.) and 
J b. ] 
J 
integrate this demand function from the price at origin i, P .. , to the 1J 
price at origin n, P ., to arrive at the net consumer surplus for origin i 
n] 
traveling to site j. Thus, the consumer surplus for origin i visiting 
site j is given by the following equation: 
J 
P . 
nJ 
P Q. dP 
.. J 1J 
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For linear demand functions, these two procedures yield equivalent 
consumer surplus values. Show that: 
T .. 
P -.!..l 
nj R· T .. 1 
J Q. dP = J P. dQ - P .. . ~-
p .. J 0 J 1J R. 1 1J 
Proof: We know that since b. > a , 
J 
a. 2 a. 2 a. 2 ~ P .. ~P ~ = 2b P .. 
. 1J 2b. nj . 1J J J J 
a. 
T 
-Ei 
Rn T 
--E.i [ J P. dQ - P . ] 
a J nj R n 
a. 2 
-..1.. P 
2b. nj 
J 
a. 2 a. 2 a. 2 
= 
_ --L... P +~P .. +~P. _ J p 2b .. b. nj . 1J . 1J . nJ J J J J 
By subtracting and adding the same figure to both sides we obtain: 
= 
a. 2 a. 2 
-..1..2b P .. - a. p.. - ~2 P. + a. P . 
. 1J J 1J b. nJ J nJ 
J J 
a. 
-~P 
2b .. 
. 1J 
J 
2 a. 2 a. 2 a. 2 
- a p.. + Jb P .. + ~2b P. - Jb P. + a. P . j 1J . 1J . nJ . nJ J nJ J J J 
2 
Also by adding and subtracting the same value to one side of the equation 
the condition of equality is preserved, yielding 
a. 2 a. 2 a. 2 
-..1.. _ --L P J p .. 2b p .. a. p .. + a. P = Th P .. + a. 
. 1J J 1J 2b. nj J nj . 1J J 1J J J J 
a. b. a. 2 a. 2 J J 
- a. p .. + a. b. + -:1. P - a. p .. + -..1.. P - a. P 2 J 1J J J b. ij J 1J 2b. nj J nj J J 
a. b. a. 2 + J J + a. P - a. b. - J p + a. P 2 J nj J J b. nj J nj J 
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By factoring out common terms, regrouping and simplifying, we have: 
a. 2 ~ 2 
- -L2b P. + a. P . + 2b P .. 
. nJ J nJ . 1J 
J J 
a. P .. J 1J 
~ (~ )2 
= - 2 - b p .. + a. 
a. . 1J J 
J J 
a. a. 
+b. (-~b P .. +a.) -p .. (-~b p .. +a.) J . 1J J 1J . 1J J 
J J 
b. a. ) 2 _ a. +~ ( - ~ P + a, b. ( - ~P + a. ) 2a, b. nj J J b. nj J J J J 
a. 
+ P 
nj ( _ J P + a. ) • b, nj J J 
But by the definition of the demand function 
we know 
and 
a. 
Q. = - Jb P + a. , J . J J 
that 
a. 
Q. (P .. ) = - ~ P b .. J 1J . 1J J 
a. 
Q. (P .) = - ~ P J nJ b. nj J 
T .. 
+ a. =~ R. J 1 
T 
+ a. - -.& 
J R n 
Thus by substituting these values inthe equation, we have: 
a. 2 ~ 2 
- ---L2b p. + a. P . + 2b P .. - a, P , , 
. nJ J nJ . 1J J 1J 
J J 
= 
b. Tij)2 T., T.. b. T, 2 
-r ( R + b. R1J - p.. ~ + ---L2 (RnJ ) 
a., J. 1J R. a. J 1 1 1 J n 
T , T . 
b ....!!.l P -.!!.1 
. R + . R J n nJ n 
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In essence, these are the values of the definite integrals of the respective 
demand functions. Thus: 
a. 2 
( - ~ P + a.P ) 
2b. J 
, 
P . 
nJ 
= ( b. 2 --L Q + b. Q ) 2a. J 
J 
b. 2 
- ( - ~ Q + b.Q ) 
2a. J 
J 
P 
nj a. 
J ( --1-P+a 
P ij b. j J 
T 
-.-Ai b. 
P .. 
1J 
T . 
~ 
,Rn 
o 
) dP = 
J 
T . 
+p. ~ 
nJ R 
n 
T •• 
.-!.l. 
R. b. 
J 1 ( - J Q + b. 
a. J 0 J 
T P nj R 
-1!i 
- J n ( --1-Q+b. ) dQ + P . J Q. 
a. J nJ R J 0 p .. J n 1J 
T .. T 
-2:l ~ 
R. T .. R T 
= 
J 1 p. dQ - P .. -2:l _ [ J n p. dQ - P ~ R. nj R 0 1 1J 0 J 1 n 
) 
dP 
] 
T .. 
~ 
R. T .. 
- p .. R1J 
1J . 
1 
1 
o 
T .. 
dQ - P .. ~ 
1J R. 1 
. 
Q.E.D. 
APPENDIX C 
Mathematical proof that the trips 
per capita from origin i is less than 
or equal to the trips per capita from 
origin n for all origins visiting site j 
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a. 
Given that Qj = - ~ P + a j , and that Pnj is the highest cost j 
origin of site j then by definition of the demand function 
a. T .. 
Q. (P .. ) = - ~ p .. + a. = ~ J 1J . 1J J R. J 1 
a, T 
and Q. (P . ) = _ ---1 P + a, = -Ei J nJ b. nj J R J n 
(See figure 4.) Show that 
T .. 
~ 
R. > 
T . 
~ 
R for all origins i traveling to site j. 
1 n 
Proof: Assume this is not true, then there exists an origin k 
such that: 
For the demand function, we have that 
thus: 
Q, (Pk ') J J 
a. 
_ ---1 p 
b k' . J 
J 
a. 
< _---1p 
b. nj 
J 
< p . 
nJ 
Q. (P .) 
J nJ 
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This contradicts the assumption that P . is the highest cost origin 
nJ 
of site j; therefore 
> 
T . 
~ 
R 
n 
for all origins i . 
Q.E.D. 
APPENDIX D 
Mathematical proof that the projection 
factor for economic rent cannot be strictly 
greater than nor strictly less than the pro-
jection factor for consumer surplus for all origins. 
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Bl B2 
Given R ' R 
1 2 
, ..., 
exists an h such that: 
n 
Bh 
L: B. 
< i=1 1 
~ n L: R. 
i=1 1 
B 
n 
R 
n 
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where B. > 1, and R. > 1, show there 
1- 1-
(1) 
and there exists a k such that: 
n 
Bk 
L: B. 
i=1 1 < 
~ n L: R. 
(2) 
i=1 1 
for some hand k. 
Proof. Proof of (1). Assume the contrary is true, then for all h 
n 
Bh 
L: B. 
> i=1 1 
-
~ n L: R. 
i=1 1 
Hence 
n 
Bl 
L: B. n n 
i=1 1 Bl L: R. > Rl L: B. 
- > < > 1 1 
Rl n i=1 i=1 
L: Ri 
i-I 
n 
B2 
L: B. n n 
i=1 1 B2 L: R. > R2 L: B. 
- > ( > 1 1 
R2 n i=1 i=1 
L: R. 
i=1 1 
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n 
B L B. n n i=l 1 B L R. R L B. n > > <: > n 1 n 1 R n i=l i=l n L R. 
i=l 1 
Since all the inequalities follow in the same direction, the sum of 
the left side should exceed the sum of the right side of the inequality, 
that is 
n n n n n 
B1 L R . + B" L R. + ... + 
. IlL . I 1 1= 1= 
B L R . > RI LB. + R2 LB. 
n i=l 1 i=l 1 i=l 1 
+ ... + R 
n 
n 
L B. 
. I 1 1= 
n 
L R. 
. I 1 1= 
n 
n 
L B. 
.1 1 1= 
L R. B. 
.11 1 1= 
n n 
L R > LB. 
. I 1 1= i=l i 
n 
> L B. R. 
.11 1 1= 
But this is a contradiction, therefore, it follows there exists an 
h such that 
n 
L B . 
. 1 1 1= • 
n 
L R. 
.1 1 1= 
By a similar proof we can show that there exists a k such that 
> 
n 
n 
L B. 
. 1 1 1= 
n 
L R. 
. 1 1 1= 
because 
n 
L R. B. 
. 111 1= 
< L 
i=l 
B. R. 
1 1 
is a similar contradiction. 
Bl B2 
Therefore, given a set of numbers -- + -- + 
Rl R2 
exist an h such that 
.. 
n 
Bh 
L B. 
i=l 1 
-- < ~ n L R. 
i=l 1 
and there will exist a k such that 
n 
L Bi 
i=l > ---
n 
L R. 
. 1 1 1= 
B 
+ ~ there will R 
n 
Q.E.D. 
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